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This paper 1s a review Cealing with the recent isolation
ond identificction of vitamin C.  The chemical properl:es
of the citamin csc descrited, and the meihods of assaying
it and s ¢ysiological effects are g;':m.~ The formules
that haze éc'" s czsted for the constifution of the vitomin
are reporied ovd ic natural sources of the entiscorbutic
substance describcd.

+ 4+t

HE NUTRITIONAL requirements of the higher

animals and man Lave been found in recent

years to he very complex, but along with the
recogpition of complexity has come steady progress in
identifying the newer factors, making possible a clearer
picture of physiclogical processes.

In addition to fats, proteins, carbohydrates, water,
and inorpanic ealts, a number of accessory factors

- known as vitamins are necessary for the maintenance
ofhealth. The hormones and enzymes, which reseinble
the vitamins in that they are organic Compourds pos-
wssing remarkable activity, are physiclogicelly in a
different class because they are produced by the body.

. The vitamins must be obtained from some outside
source. Therefore, their supply to the body is largely
2 matter of chionce, and it can easily be understood
that prolonged ceficiencies in specific factors may occur
00 restricted or highly artificial diets. The results--
such coaditions us rickets, pellagra, zud scurvy—have
Plagued the human race. Although scurvy, which is
Caused by a preloized lack of vitamin C, is no longer of
fequent occurrence in its most severe form, occasional
Qutbreaks still occuir, and there is good cvidence that
Partial vitomin C deficiency is a factor to be con-
sidereq <er.01..4}5 in rdaufn to public health.

As carly as 1573 Albertus noticed a disease in men
Which was charncterized by Inss in weight, wealmess,
palior, sore zud swolizn joints. and the falling out of
teeths, but app;“f utly he did not clearly recognize that
:ltD:::asl the resuit of a defic cocy. It is intr:r-esting Lo

wwever, that Le was able f_O curs the discase by

{ , b o
hc admninistratiza of sour juices.  Much later (1720
dchc cnicy disease, and

omer tecopnizad scurvy a3 4@
Ling {2) (hul) confirmed this view by a scries of
‘\D(rnmntq on twelve human subjects under “experi-
mental enntrol.” :

That e cause of scurvy was a deficiency of some
“‘Hdmhhcd orgunic substance in citrus fruits and
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vegetables wus clearly stated v Budd \Zy in Iv:
The discovery by Holst and Frulh 2; in 17 dhat a
discase analogous o human scurvy ceudd be p*oduced
in guiue; pios by “v:-uu*' w'ltrm laid the basis for
SZTess,

¢ Hh Mical PROFEX

Informatiion concerning the chemica! properties of

vitamin C was accx_mulatm , but necessarily remained
somewhat empirical previous to :its isolation aud 1denti-
fication ‘King and Waugh 4 . Bezssonov i, who
suggested that the vitamin consisted of three factors,
a sugar, an organic acid, and a pennl, had made many
contributions to the knowledge of behavior of the vita-
min in his attempis at isclation. Zilva 7 end assoct-
ates had made Zighly active preparations azd had
contribute? a great deal tc our knowledge of the
vitamin during several vears of laboratory study.
His finding that after the vitamin had becit destroved
by atmosplieric oxidation it could no* be reduced with
Livdrogen and platinum black (7., and his methods of
concentration proved of particular value  Sherman
(&) and associates demonstrated clearly the effects of
the pil of its solutions upon its rate of destruction,
and improved the method of assay. Hess and as-
sociates <&, had made manw coutributions to its clinical
significance, and had shown that coprer and other
heavy metals catalyze the oxidation of the antiscorbutic
factor.

MceKinnis and King i showed that the active
factor diffuses rapidly through 2 collodion membrane
{demonstrated by feeding tests on the dialvsate,,
and from their electrica! transference studies at dificrent

pH values found that the vitamin was not a salt-rorminy

nitrogen comupound, such as an amino acid or base, but
possessed distinct acidic properties.  Sipple, Grettie,
and Svirbelv, in collaboration with Dr. King (71},
developed improved metiiods of concemirating tioe
active factor and showed that it is soluble in absolute
acetone, ethyl acetate, and propyl alechol, but -
soiuble in ethyl ether aud petroleunt ether,  Smith and
King (12, showed that purified concentrates Iree from
enzynies and heavy metals, can be stored for fourteen
davs or more without appreciable loss of activity
The reducing value, solubility, situpy nature, and acidiey
of this concentrate corresponded with the properties of
an aclive hexuronic acid.
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Very carly in 1932 Rygh, Rygh, and Laland (13) pub-
fished their evidence for having isolated and synthesized
vitamin C. A compound derived from narcotine was
reported to have protected guinea pigs from scurvy
(but survival was not beyond that of negative controls).
King and Waugh (4) pointed out that their technic led
to a misinterpretation of their results in that the only
animals surviving the experimental period had re-
ceived the vitamin from boiled orange juice or an
aqueous extract of sprouted grain. Many investiga-
tors [Zilva, Ott, Harris, and Tillmans (14)] have been
unable to duplicate Rygh's results.

As a well-identified substance, the former mysterious
nutritive factor, meastred only in terms of 8- to 12-week
animal tests, is now studied as a sitple organic com-
pound.

METHODS OF ASSAY

At the present time there are two gencral methods
for the determination of vitamin C, a chemical method
and the physiological assay, the latter being essen-
tially the criterion which must still be used to sub-
stantiate results by the chemical method (which is not
specific for the vitamin). :

The chemical method was developed principally by
Tillmans and associates (I13) who pointed out the
striking correlation between  the reducing value of
foods and their vitamin C content. It depends on the
reduction of a dye, 2,6-dichlorophenolindophenol {in-
troduced in the series of oxidation-reduction indicators
synthesized in Mansfield Clark’s laboratory) by the
vitamin. The method is fairly accurate for determin-
ing the amount of vitamin C in both animal and plant
sources when there is no other strong reducing mate-
rial present. Such compounds {e. g., cysteine) are known
to occur, however, and hence the test can only be used
with reservation,

The standard physiological method depends on the
usc of guinca pigs; these animals are very sensitive
to a deficiency of the antiscorbutic material and can
be rclied upon to manifest reasonably well-defined
symptoms. The method most generally used is the
one proposed by Sherman, La Mer, and Campbell (16).
The animals are given a basal diet which contains
evervthing for normal growth except vitamin C.
When given this diet alune, the animals will die within
a period of twenty-five to thirty-five days. When a
food or preparation is to he assayed, it is fed in graded
amounts so that the minimum protective level is
demonstrated on a quantitative basis. A tooth-cross-
seetion techuie with guinea pigs, and a curative test
have been used in several laboratories successfully.

ISOLATION AND IDENTIFICATION

Studying  oxidation-reduction factors in Professor
Hopkins' laboratory at Cambridge University in 1928,
Szent-Cydrgyi (17) isolated from cabbages, oranges,
and adrenal glands a very active reducing substance
which he termed “hexuronic acid.”  Certain of Zilva's

JournaL oF CHeEmicaL EpucaTtioy

results (20) indicated that the acid could not be directly
related to vitamin C, and Szent-Gyodrgyi sought to
relate it to cortin, the adrenal hormone (18).

In the early fall of 1931, after four years of systematic
fractionation and assay of the antiscorbutic material
from lemon juice, crystals which exhibited the proper-
ties of Szent-Gydrgyi’s “hexuronic acid” were isolated
at the University of Pittsburgh. These crystals showed
a minimum protective level of 0.5 mg. per day for
guinea pigs under standard assay conditions. This
was not reported until March, 1032 (4), when further
evidence had been obtained, including preparation of
the lead salt for alcoholic solution and recrystallization
from different solvents, without change in activity,
particularly because of Rygh’s report of a substance
about 10,000 times more active.

The proof that vitamin C was a six-carbon sugar acid
(hexuronic acid) and identical with the acid isolated by
Szent-Gyorgyi as a reducing factor in animal and plant
tissues may be summarized as follows: {a) the acid
titration equivalent corresponded with the formula
C:H306; (b) two atoms of iodine (or equivalent of other
oxidizing agents) were reduced by each mol of acid;
(¢c) the optical rotation found was la]? = +24° to
25°; (d) typical crystals were obtained repeatedly
from different solvents; (e) the solubility in a number
of organic solvents corresponded with such a formula;
(f) precipitation as a lead salt from an alcohol or water
solution was consistent with regard to activity and
properties; (g) there was a similar instability toward
alkaline reagents and oxidizing agents; (k) the diflu-
sion rate and electrical transference were typical for
such an acid; (2) the melting point varied some with
different preparations (approximately 185°) and was
accompanied by decomposition. : ' :

A fortnight later, Szent-Gydrgyi and Svirbely {on
an International Exchange TFellowship from the
University of Pittsburgh) (19) reported that one milli-
gram of hexuronic acid fed daily protected guinea pigs
from scurvy. '

The acid prefnred from adrenal glands by an en-

tirely different method was generously supplied by
E. C. Kendall, and found to exhibit (?7) the same
quantitative physiological response o3 found for the
acid prepared from lemon juice, thus ¢ninating the
possibility of antiscorbutic activity beiug due to
contawinating material. Au jmproved method of
preparing the vitamin from lemon juice was reported
by Bessey, Waugh, and King (38). .

Szent-Gyorgyi and Svirbely (28) reported feeding
tests with the acctone derivative and also with the
acid after hydrolysis from the acctone derivative (ve-
ported melting point, 192°), finding it protective on
a 0.5 mg. level.w In the same paper, they also de-
scribed a procedure for separating thc¢ vitamin {rom
Hungarian red peppers, recovering nearly ¢ pound of tie
pure vitamin. The preparation of thc acctone deriva-
tive was described by von Vargha (29).

Evidence has rapidly accumulated in a number of

laboratories confirming beyond question the identity
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" of vitamin C as a six-carbon sugar acid having the

general formula C¢HsOs, for which the name “ascorbic

" aeid” has been suggested by Szemt-Gyorgyi and Ha-

‘worth.. Harris (Z4, 26), Tillmans (14, 15), Nelson
21), Zilva (20), and their asscciates have made imn-

" portant contributions in confirming the identity of the

“formulas:

-4nd oceasionally in high coucentration.

vitamin. o ‘

" A serics of different structural formulas for the acid
have been suggested from different laboratories, cach
faboratory preposing a different formula, so far with-
out adequate proof or verification by animal tests.
Cox, Hirst, and Reynolds (22) ‘have suggested the

COOH-CO-CO-CHy CHOH-CH,0H =
Y CGOH.CO C(OH) :CH-CHOH-CH:0H

3
1

Karrer and associates (23) have suggested the
formula o ‘

- CH;OH-CHOH-CO-CHyCO-COOH.
The third formula was advanced by Micheel and

Kraft (24), who suggested the furan-ring type of

structure:  ; .

e
Ao

‘CHOH—~C=0

S | —
HO—-CII;~»CII~:—O~—CH—COOH -
s . F}"’v -~
e S i HO—-C—C-—OH
HO—CHs—CH—0—C—COOH

¢

' . . AN ’
Levene and Raymond (36) have suggested:

U o SH——
éH;«CIIOH- CHOH-CH-CO-COOH

83 an alternative t‘o the Euler formula 37),

.

CH,OH-CHOH -(Z(H'COH :COH-CO

The final proof of structure will depend on the synthesis
of 2 compound which will function as the vitamin
phiysiologically when fed to guinea pigs, in addition
t having identical physical and chemical propertics.
ti5 very likely that synthesis will be accomplished in
the vear fulure,

Reichistein, Grussner, and Oppenatter® (25) have re-
cently reported the synthesis of the d-form of vitamin
C. They started with d-xylosone and oblained a very
active reducing waterial which gave the right melting

Point but they could not obtain the correct optical

lation, No mention was made of animal feeding

lests,

* OCCURRENCE AND FUNCTIONS

Vitamin C occurs very widely in the plant kingdomn
Rich plant
tour o 5 . .
\*ilfes are red and green peppers, lemons, oranges,

I. Since this paper went to print these authiors have reported
Weely, Chim. Aeia, 16, 1019 (1933)] the synthesis of the /-form

Wlich was physiologically active when fed to guinca pigs.

iRt ok ekl
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tomatoes, and green vegetables. It appears probable
that it plays a functional réle in the metabolism of all
of the higher plants and animals. In animals the
vitamin is highly concentrated in the cortex of the
adrenal gland, but is present in other tissues in widely
varying amounts. Harris and co-workers (30} have
published "a modification of Tillmun's method for the
determiriation of vitamin C in animal Ussues,

Largely from  Szent-Gyorgyi's work, before  his
“hexuronic acid” was identitied as the vitamin, it is
evident that the vitamin is refated to normal respira-
tion. Hartman (31) hias made the interesting obscrva-
tion that a cortical extract containing cortin but free
from hexurouic acid, enabled guinea pigs to retain their
weight better on a “C-free’ diet.  Szule (32) las re-
ported that a vitamin C treatment of Addison’s disease
causes depigmentation.

Birch and Dann (33) found that tissues having a
high glutathione content also contain a large amount
of vitamin C. They suggest that these two substances
might be linked factors in one system of oxidation in
the animal cell.

Marine and Baumann (34) have rccently suggested
that vitamin C may have some relationship to goiter.
Hanke (37) has particularly cmphasized the practical
relation of vitamin C to tooth structure, although such
an intimate relation has been recognized by research
workers for several years.
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THE EFFECT OF ASCORBIC ACID ON THE URINARY EXCRETION
OF CITROVORUM FACTOR DERIVED FROM FOLIC ACID!-*

A. D. WELCH, C. A. NICHOL, R. M. ANKER a~xv J. W, BOEHNE, III

Department of Pharmacology, School of Medicine, Western Reserve University,
’ Cleveland, Ohio

Received for publication July 26, 1951

A factor required for the growth of the organism Leuconostoc citrovorum (ATCC
8081) was described by Sauberlich and Baumann (1948). Its possible relation to
pteroylglutamic (folic) acid (PGA or FA) was recognized by these authors and
by Sauberlich (1949), who found that the administration of folic acid increased
the urinary excretion of the citrovorum factor (CF) in rats and in man. Condi-
tions which influence the conversion of FA to CF, both in vive and in vitre have
been under investigation in this laboratory; thus it was shown that aminopterin
interferes profoundly with this conversion (Nichol and Welch, 1950b), and that
ascorbic acid promotes the formation of CF as indicated by an increase in the
amount of CF derived from FA in a liverslice system (Nichol and Welch,
1950a), and by an increase in the amount of CF excreted in the urine of normal
human subjects when ascorbic acid is administered along with gest doses of FA
(Anker et al., 1950; Welch, 1950).

In the experiments described in this communication the urinary excretion of
CF in rats receiving IFA was measured to determine the effect of different reduc-
ing agents and of aminopterin on this conversion. Also, data are presented which
show the influence of ascorbic acid on the urinary excretion of CF in human
subjects receiving FA orally in various dosage regimes. Data from these tests in
normal human subjects are compared with observations on the excretion of CF
by two severely scorbutic men given FA, both without and with ascorbic acid.

MgerHoDS AND RESULTS. Leuconosfoc cifrovorum 8081 was cultured in the
medium desecribed by Sauberlich and Baumann (1948). After 18 hours at 37°C.
in a forced-draft air-incubator, the amount of growth in 10 ml. assay tubes was
measured by turbidimetric readings in a Klett-Summerson photoelectrie col-
orimcter. Synthetic citrovorum factor (leucovorin) in the form of the hydrated
barium salt was used as a standard.? One unit of CF was defined as the amount
required to give half-maximal growth under the conditions deseribed above. In
this laboratory, 1.0 microgm. of synthetic CF, expressed as the free acid, 1= equiv-
alent to approximately 3000 units of CI7. “Folic acid” activity was measured by

1 A preliminary report of some of the material in this paper was presented at the mid-
vear meeting of the American Society for Pharmacology and Experimental Therapeuties,
Bosten (Weleh et al., 1951).

2 This investigation was supported, in part, by research grants from the National Insti-
tutes of Health, U. 8. Public Health Service, and, in part, by the Lederle Laboratories
Division, American Cyvanamid Company.

3 Leucovorin, a svuthetic form of the citrovorum factor, presumably identical with
folinie acid-SF (Shive et al., 1150; Pohland o al., 19515, was supplied by the Lederle Lab-
oratories Division, American Cyunamid Conrpany, through the courtesy of Dr. T. H. Jukes.
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titration of the acid produced during the growth of Lactobacillus casei (ATCC
7469) for approximately 72 hours in a medium’ cimilar to that described by
Lepper (1950). Values obtained by the use of this organism include pteroyl-
glutamic acid, citrovorum factor, and possibly derivatives of the latter.

The influence of different reducing agents on the urinary excretion of CF by
rats receiving FA is shown in table 1. Adult female rats were placed in metab-
olism cages equipped with metal collecting-funnels coated with paraffin. A puri-
fied cerelose-casein dict (Nicho! and Welch, 1950a) containing a basal amount
of FA (0.5 microgm. per gm.) was fed for soveral days before and during the
test periods. All doses were administered daily by intraperitoneal injection. At
48-hour intervals the collecting funnels were washed and the urine sumples were

. TABLE 1
The effect of reducing agents on the urinary excretion of citrovorum factor in rats receiving

folic acid
U e ————
: i

. . . : URINARY EXCRETION OF CF
INTRAPERITONEAL KNJECTION DAILY | PERIOD NeR 28 ROURS, MICROGH

. S " N:"'Tos' T

- | + COLLECTION |

Folic Acid | _Reducing Agent I ' 1 Average { Range

mgm. L millimoles/kem. of body weight 1 \ Days . T
0 ! 0 Lo o2 b e o0
1.0 ¢ 0 A R ] 1.08 | (2.08-5.10
1.0 | Ascorbic Acid (0.5) T 12.0 | (11.8-13.9)
1.0 ; Gluconscorbic Acid (1.0) 3 b4 19.7 1 (15.3-23.9)
1.0 | Cysteine (2.0) o3, 4 1 50 b (5.05-5.65)
1.0 ! Glutathione (2.0) P8 TR | (3.40-5.63)

e e

s,_mhetic CF . ; ;

0.25* 0 |3 !1 s lns 007152
0.25* Ascorbie Acid 1.0 | 3 | 4 | 16.0 | (2.021.8)

RS

—
* a5 tho free acid.

stored under toluene in a refrigerator. For each 4-day test period, aliquots of the
two collections were combined and the total CF excreted by each rat was de-
termined. The concentration of CF in the urine returned to the average level of
that of untreated rats within 24 hours following the test period. Each rat was
gsubjected to two test periods. FA alone was administered during the first 4-day

vperiod. Then, following a 48-hour interval without treatment, a reducing agent

(freshly neutralized) and FA were injected daily for 4 days. Both ascorbate
and glucoascorbate markedly increased the amount of CF excreted in the urine,
while cysteine and glutathione, in the large ({oscs used, exerted no significant

effect.

.- When aynth,etic CF (0.25 mgm.) was administered intraperitoneally, 4 to 6

per cent of the dose appeared in the uarine of the rats. When ascorbate was given,

4 This medium was modified by replacing sodium citrate and X,HPO, with sodium ace-
tate and Salt Solution A. . :

»
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ASCORBIC ACID AND CITROVORUM FACTOR 405

in addition to CF (table 1), the amount of CF exereted in the urine was increased
only slightly; in these small groups of animals, the range of values obtuined over-
lapped with those observed with CF alone.

The effect of intraperitoneal injections of aminopterin (25 microgm. daily) on
the urinary excretion of CF in rats receiving FA (2 mgm. daily, L.P.) is shown
in figure 1. As in the previous experiment, adult female rats were kept in metab-
olism cages and the same diet was fed. Urine sainples were collected at 48-hour
intervals. The excretion of CF during the treatments indicated in figure 1, ex-
pressed as the average of the three rats in cach group, was followed until each
animal had died. The intraperitoneal administration of sodium ascorbute along

8

EFFECT OF AMINOPTERIN (25 MICROGRAMS /DAY) ON URINARY
EXCRETION OF GITROVORUM FACTOR IN RATS RECEIVING
PTEROVLGLUTAMIC ACID (2MG/DAY).  ( THREE RATS PER GROUP)

w s
s 12

MICROGRAMS OF GITROVORUM FACTOR
S ]

~
N

DAYS

Fia. 1. The effect of aminopterin on the urinary excretion of citrovorum factor in rats
receiving pteroylglutumic acid.

with FA (Group II) caused a marked increase in the amount of CF excreted in
the urine; this increase was comparable to that observed in the previous experi-
ment. During the treatment with aminopterin, ascorbate (given in addition to
FA) increased appreciably the amount of CF excreted (compare Groups I and
1I). However, even the amount of CF thus formed, of which that excreted in
the urine wus representative, was insufficient to prolong the life of the animals;
as in Group I death occurred within fourteen days following initiation of dosage
with aminopterin. The administration of FA simultaneously rather than for
two days prior to initiation of dosage with aminopterin (Group 111), decreased
the survival time by approximately two days, while withholding of FA until
two days after the administration of aminopterin was begun (Group 1IV), led to
death of the animals within eight days. All animals died showing the signs

L.

po’
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typical of aminopterin poisoning (rapid loss of weight, severe diarrhea, porphyrin-
caked whiskers). Figure 1 demonstrates that the injection of aminopterin before
(IV), at the same time (I11), or following the initiation of treatment with FA
(I and 1I), results in an immediate reduction in the amount of CF excreted
following uniform dosage with FA .}

The amount of CF excreted in the urine of normal human subjects was meas-
ured following daily oral doses of FA of 0.5, 5.0 and 50.0 mgm., respectively,
during a period of three days. Following this, the effect of simultaneous adminis-

TABLE 2

The effect of ascorbic acid on the urinary excretion of citrovorum jactor in normal human
subjects following oral doses of folic acid

DAILY ORAL DOSE SERIOD OF URINE AVERAGE URINARY EXCRETION PER DAY
COLLECTION =
Folic Acid Ascorbic Acid® Folic Acid } Citrovorum Factor

mgm. | ”m. days microgm. i microgm.

0 1~ 0 1 i‘% i 1.07

0.5 0 3 $7.4. 2.76

0 : 0 i 1 Cs‘.tiq j \rrz*?

0 | 0.75 | ! Y 1,00

0.5 | 0.75 ‘ 3 Co06> !

0 ‘. 0.75 ! 1 831 | W
0 ; 0 ‘ 1 " 1.46

5.0 \ 0 ' 3 16.0

0 o 0 1 l 1.85

0 0.75 I 1 i 1.18

5.0 0.75 ! 3 | £9.7

0 0.75 ; 1 | 2.67

e e e —— L)

0 i 0 1 198
50.0 \ 0 3 9,200 164.0

0 0 1 2§2.0 915

] 0.75 1 1 \ 9.1
50.0 0.75 3 8,400, 450.

0 0.75 | .0 ‘ 31.5

* (.25 gm. taken 3 times daily when indicated.

tration of ascorbic acid along with these amounts of FA was tested in the same

. individuals (table 2) during a second 3-day period. The actual sequence of

events, shown for one dose level in figure 2, was as follows: after a control period
of 24 hours without treatment and a 3-day period on FA, no dosage was given
for 24 hours. Ascorbic acid (0.75 gm. per day, orally, in three divided doses)
was given alone on the gixth day and was continued during the remainder of
the experiment. The second 3-day test of FA was begun on the seventh day,
while on the final (tenth) day of the experimental period only ascorbic acid was

given. Urine was collected in brown bottles during successive 24-hour periods

s Similar data were presented in a previous publication (Niphol and Welch, 1950b).
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and was kept refrigerated under toluene; urine collected during each 3-day test
period was pooled prior to analysis. The amount of CF excreted during each
period was determined for each individual. On the lowest and highest levels of
dosage, eight apparently normal young men served as subjects; on the 5 mgm.
dose level of FA, the subjects ineluded four young men and three young wotnet.
Although the number of individuals involved was small, there appeared to be no
differences in the excretion of CF attributable to sex. In addition to analyses for
CF, determinations of FA were made on the urine samples of five individuals
given 0.5 mgm. and 50 mgm. doses of FA, respectively.

The effect of ascorbic acid in increasing the amount of CF excreted at each of
the three dosage levels of FA is shown in table 2. The increase in C¥ due to
ascorbic acid at the 0.5 mgm.-dose of FA was slight but consistent among the
eight individuals and wus significant statistically at the 5 per cent level. The
three-fold increase in the amount of CF excreted when ascorbic acid was admin-
istered together with the 5.0 mgm. and 50 mgm. doses of FA, was highly sig-
nifieant (1 per cent level). In conjunction with the 0.5 mgm. dose of F.\, ascorbic
acid also caused an increase in the F'A-content (activity for L. caset) of the urine
which was significant at the 5 per cent level; however, with the 50 mgm. dose
of FA, simultaneous administration of ascorbic acid caused no significant change
in the activity of the urine for L. caset.

In view of the definite augmentation of CF-excretion caused by ascorbic acid,
when FA is administered to normal men, it appeared desirable to test this con-
version in individuals deficient in ascorbic acid. For this purpose it was possible
to study two patients with scurvy.

One individual, a 42-year old white male, was admitted to Lakeside Hospital
because a leg injury had failed to heal during a 4-week period. At the time of
admission the patient showed extreme fatigue, shortness of breath, fever and
loss of appetite. Bleeding from the gums and soreness of the tongue were ob-
served and had been noticed by the patient for several weeks. There was sub-
dermal bleeding and discoloration of the right leg which had been injured by a
blow at the knee one month previously. Only a trace of ascorbic acid could be
detected in the plasma by chemical analysis. The Rumpel-Leede test (7-minute
block of venous return in the forearm) was strongly positive. Examination of
the blood indicated an increase in clotting time (9 min.) and anemia (hemo-
globin 4.6 gm. per 100 ml. and hematocrit 23 per cent). The dietary history
revealed that for a period of about three years the patient prepared his own
breakfast of toast and coflee, ate one meal each day at noon at a restaurant which
served cooked vegetables with the meal but seldom served fresh fruits or salads,
and during the afternoon and evening he consumed from 12 to 14 bottles of beer.
Clinical improvement was rapid following administration of ascorbic acid (0.25
gm. orally 3 times daily) and on the second day of therapy the Rumpel-Leede
test was negative.

The marked difference between the amounts of CF excreted by the scorbutic
and the normal subjects is shown in figure 2. Not only was the amount of CF
excreted by the scorbutic patient consistently very much less than that found

;.“‘«
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in the urine of normal subjects, but also the simultaneous administration of
ascorbic acid caused only very slight augmentation of the elimination of CF,
during the three-day period of observation. Daily administration of FA (5 mgm.
orally), without ascorbic acid, was continued for three days following the period
of therapy with ascorbic aeid. A continuation of the gradual increase in the
amount of CF excreted per day was observed: 5.6, 87 and 8.4 microgm. of CF
on the 10th, 11th and 12th days, respeetively. It should be noted that this
amount is only about onc-half that of the average amount of CF excreted by
normal individuals given 3 mgm. of FA daily without ascorbic acid.

A second patient, a 68-vear old white male, had extensive subdermal hemor-
rhages of the legs and forearms, bleeding of the gums and soreness of the mouth.
There was a moderate anemia (hemoglobin 9.2 gm. per 100 ml. and hematocrit
32 per cent) and an increase in clotting time (8% min.). Analysis of the plasma
indicated only a trace of ascorbic acid. This patient received a daily oral dose

%0
-3 NORMAL MUMAN SUBJECTS ) a4
2 {AVERAGE OF T7) £ / / v
L a0l a scomsutic patient hige / / /
/
vas
0 FOLIC ACID- 5MG DALY
3 + ASCOREC ACI0
. 025 GM, 3 TWES DALY
20
. ')/
3
g 10 / -

DAYS
Fic. 2. A comparison of the effect of ascorbic acid on the urinary excretion of citrovorum
factor during oral administration of folic acid in normal human subjects and in a severely

scorbutic patient. .
of FA (5 mgm.) throughout his period of hospitalization. Consccutive 24-hour
urine collections were obtained and refrigerated under toluene until assayed for

~ both CF and FA. On the third day, treatment with ascorbic acid (250 mgm.

orally 3 times daily) was begun and continued until the patient left the hospital.

No CF eould be detected in the urine samples of the first 4 days, that is, on
the 1st and 2nd days when FA aloue was given and on the 3rd and 4th days
when the :patient received both FA and ascorbic acid. During the next 4 days,
the amount of CF excreted increased (0.7, 7.7, 4.8, 16 microgm. per day) and
by the 6th day of treatment with ascorbic acid, the excretion of CF had reached
a fairly constant level—15, 17, 16, 13, and 15 microgm. per day on the 7th, 8th,
9th;:10th and 13th days, respectively, of treatment with both FA and ascorbic
acid. - o . : . ¢ . .

The folic acid activity of the same samples of urine showed that on the two
days when FA alone was administered, 9 and 14.per cent, respectively, of the
test dose was excreted. On the next two days during treatment.with-ascorbic
acid-and FA, 42 and 33 per cent, respectively, of the doses were excereted. No CF

1| activity could be detected in the urine on any of these four days. On three con-

.
. R N - xo- . P
B R S LR R s RS 2 ARG R o ot 8 R T FER’ PR

.
M TS W |

SRR ORURP SU |

9uU60



o ] . ————— L
Eea i o i e

e s i e e o -

ABCORBIC ACID AND CITROVORUM FACTOR 409

secutive days when the CF excretion had reached a constant level (16, 15 and
17 microgm. per day) the amount of folic acid in the urine was 48, 46 and 42
per cent of the test dose, on the respective days.

Discusston. The data presented in figure 1 offer a logical explanation for the
well-known partial protection against the toxicity of aminopterin which is
afforded by preliminary treatment with FA. This figure shows that the synthesis
of CF from FA, as reflected by urinary elimination, is promptly blocked by the
FA-analogue. Only when FA was administered prior to the antagonist, either
without or with ascorbic acid, was the lethal action of aminopterin delayed and
a significant excretion of CF noted.

In a previous paper (Nichol and Welch, 1950b) it was shown that aminopterin
blocks almost completely the conversion of FA to CF by liver slices and that
animals given otherwise lethal doses of aminopterin could be protected com-
pletely by CF under conditions where relatively massive doses of FA were im-
potent. In that paper it was pointed out that aminopterin not only prevents the
metabolic alteration of FA but also competes with the product (CF) derived
from FA. Recently, Burchenal and Babeock (1951) have stressed the role which
amethopterin plays as an antagonist of CF, an effect previously noted by Brock-
man ¢ al. (1950) in mice receiving aminopterin. However, it must be empha-
sized that with either of these folic acid analogues the efficiency of the inter-
ference with the formation of CF from FA is of a very much higher order of
magnitude than is the interference with the utilization of the factor, although
the lethal effects of these analogues ultimately must be attributed to their com-
petitive inhibition of the utilization of CF.

The conversion of FA to CF by hver slices in vitro is augmented markedly by
the addition of either ascorbate or its analogue, glucoascorbate (Nichol and
Welch, 1950a). Thelatter compound isa powerful reducing agent, but it possesses
little antiscorbutic activity; on the other hand, such potent reducing agents as
cysteine and glutathione have little or no influence on the conversion in vitro.
The data obtained tn vivo in rats show that glucoascorbic acid, like ascorbic acid,
is able to augment the excretion of CF when it is administered together with FA.
In view of the findings in vitro, these results may be interpreted as indicating that
ascorbic acid and its analogue facilitate the conversion of FA to CF. Were the
data from the experiments in vifro not available, the effect of these relatively
strong acids in increasing the urinary excretion possibly could have been attrib-
uted to an effect on renal tubular mechanisms. The possibility of the participa-
tion of such a mechanism cannot be entirely excluded since the urinary excretion
of FA following very small doses appears to have been increased significantly
by the administration of large doses of ascorbic acid (table 2). However, with
large doses of FA (50 mgm. daily) ascorbic acid caused no augmentation of
urinary elimination of FA, although it did result in & three-fold increase in an
already marked urinary elimination of CF. That the possible renal factor is of
little importance in explaining the results with CF also is indicated by the lack
of a significant effect of ascorbic acid on the urinary excretion of C¥, following

dosage with CF. : R
It was suggested that, in the enzymatic conversion of FA to CF (Nichol and
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Welch, 1950a, b), ascorbie acid is concerned witha reductive step. The likelihood
of such a role for ascorbate is supported by the reports of catalytic hydrogena-
tion of FA as a step in the synthesis of CF (Shive ef al., 1950; Brockman ef al.,
1950; Pohland et al., 1951).

Numerous clinical and experimental observations have indicated that ascorbic
acid plays a role in certain anemias (Vilter, 1947). Certain instances of a clinical
response of pernicious anemia to therapy with ascorbic acid have been reported
(Dyke, 1942) and May and coworkers (1950) have demonstrated that a de-
ficiency of ascorbic acid favors the development of megaloblastic anemia in
monkeys and human infants. An anemic condition has frequently been noted
in scorbutic individuals (Vilter, 1947). The very low excretion of CF in the scor-
butic patient appears to reflect an abnormality in the metabolism of folic acid
in the tissues. Adult patients with scurvy are but rarely seen, and these obser-
vations on only two such cases cannot be interpreted too broadly. Towever,
Burchenal and Schilling (1950) also have studied the urinary exerction of CF
by a scorbutic individual given FA (10 mgm. daily), without and with ascorbic
acid. The sequence of events was somewhat similar; an immeasurably low out-
put of CTF was gradually increased when daily doses of ascorbic acid totaling one
gram were given during a period of one week. Despite this regime, the values
for CF, during the period of observation, did not reach those charaeteristic of
the normal individual. This may represent the marked storage of CT which
occurs, or the prolonged lack of ascorbic acid may have produced a change in
the tissues which is not corrected immediately by the administration of massive
* doses of ascorbie acid.

The need for ascorbic acid is not alleviated by the administration of folic acid
(Silverman and Mackler, 1951). Although the megaloblastic anemia of scorbutic
monkeys can be alleviated by folic acid, or by very much smaller doses of CF
(May, Sundberg and Schaar, 1950), other important manifestations of scurvy
are not relieved. Iowever, correction of the scurvy with ascorbic acid abolishes
megaloblastic anemia without the administration of additional FA or CF (May
et al., 1950). These findings give further emphasis to a role of ascorbic acid in the
metabolic activation of folic acid.

It should be pointed out that the absence of CF from the urine of a scorbutic
patient during the first four days of treatment with FA was not due to an in-
ability to absorb FA, since on these days 9 to 42 per cent of the test dose was
excreted in the urine as FA. The failure of scorbutic patients promptly to ex-
crete larger amounts of CF, following dosage with ascorbic acid in addition to
FA, could reflect either an abnormality in the conversion of A to CF which
only gradually is corrected by vitamin C, or & marked removal of CF from the
blood by deficient tissues. That the latter may be the more likely explanation is
suggested by the results in scorbutic monkeys (May, Sundberg and Schaar,

1950).
SUMMARY

The urinary excretion, by rats and human subjects, of a biologically active
metabolic alteration product (citrovorum factor) of pteroylglutamic (folic) acid
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has been studied. The relationship between size of dose and magnitude of excre-
tion is described. The excretion of the citrovorum factor was augmented by the
administration of ascorbic acid, an effect attributed to a participation of ascorbie
acid in the enzymatic conversion of folic acid to citrovorum factor (a reduced
form of the vitamin). In rats, glucoascorbic acid was found to be as active us
ascorbic acid, while cysteine and glutathione were without significant activity.
Aminopterin inhibited markedly the urinary excretion of citrovorum factor
following the administration of folic acid to rats. The excretion duta account for
the effect of previous dosage with folic acid in diminishing the toxicity of the

analogue; such prior treatment with the vitamin, by saturating the tissues with

the citrovorum factor, increases the period of survival of the animals. Emphasis
is placed on the fact that the 4-amino analogues of folic acid more efficiently
interfere with the formation of citrovorum factor than with its utilization.

Two adult patients with scurvy excreted only small amounts of citrovorum
factor following the administration of folic acid, and this excretion was but
little augmented by therapy with large doses of ascorbic acid, in contrast to
normal human subjects. :
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The morbursrs 'of ‘a flowing stréam to produce a reactive
titrant bas been reported (1). It was found that a solution
could be completely or partially photolyzed with precision
of 19, or better (See Table I, Reference 7). However it
was then necessary to add the photolyzed solution to a batch
sample; this is cumbersome and time consuming for routine
gnalysis. Because the photolysis step proved to be precise
{o 17, one could propose a method in which the sample is
added to the stream prior to photolysis and the analytical
‘measurement then made on the combined stream of sample
und photoreagent after the photochemical reaction.

~ Since photons can be added to a flowing stream without
_physically breaking into the line, photolysis should be a
\ convenient sample treatment method for use in continuous
analytical, methods. The automation- of analysis using
flowing streams has been reviewed by Blaedel and Laessig
{2); the definitions given in their review will be followed
“here. - The batchwise determination of ascorbic acid (here-
after AA) riz the photobleaching of methylene blue (hereafter
MB) has been performed photometrically- (3) and titri-
metrically (4) and was chosen as the test model for continuous
photochemical analysis. An advantage of this particular
photochemical system is that the .leuco form of MB, the
product formed in the analytical reaction, can be returned to
the intensely -colored forra by contact with atmospheric
_oxygen (5).” This means that a given batch of MB can be
:usud more than once as the carrier stream for AA deter-
minations. On the other hand, oxygen dissolved in the carrier
stream of MB can partially offset any photobleaching due to
AA, and it may be necessary to remove O, from the system in
$0Ine Cases. .

In a preliminary Lheck_:'of the system, we found that ultra-
violet radiation from & mercury arc did not bleach the AA~
MB system; the photoactivity is found in the 655 nim absorp-
tion biand of MB (5). - The reaction is so light sensitive that a
valid absorption spectrum of AA-MB mixtures cannot be
obtained because of photoblcachmg during the time of the
Vv"av:lmgth scan. o

. EXPERIMENTAL

' Apparatus A dingram of the flow system assembled for
this study is shown in Figure 1, and is very similar to the
Previously described device used for external photochemical
lifrant generation (1). Only changes from previous apparatus
.and procedures will be described here. R/, P, and M provide
R means to introduce a sample of AA (1-ml volume) into the

carrier stream of MB. After sample injection, the stopcock

——

(1} H. D. Drew and J. M. Fitzgerald, ANaL. CHEM., 41, 974 (1969).

A W} Blaedel and R. H. Laessig in “*Advances in Analytical
Chemistry and Instrumentation,” Vol. 5, C. N. Reilley and F. W.
McLafferty, Ed., John Wiley and Sons, NLW York, N.Y,, 1966

© Pp 69-168.

3) H. Lund and H. Lieck, Klin. Wochenschr., 16, 555 (1937).

() K. Lund and E. Trier, ibid., 18, 80 (1929),

Gy o Margerun, A. M Lacknu M. J. Little, andC I Pctrusis,
J. Phys. Chem %5, 3066 (1971).

’

R,
T
M .
F' B .
. ) i
S R 5
R’I P : REC z: .
Figure 1. Diagram of apparatus for continmous analysis ria
photobleaching

N . . . > l{ .
R, Reservoir (201.); R,’, Reservoir (21., connected to R)); T, Particle
trap (fritted glass); P, pump; F,, F,, Flow meters, (0-15 and ¢-150
ml/min, respectively); M, Double oblique stopcock and mixing

ST, A, Autotransformer; W, Wattmeter; L., Photolysis lamp; -

RZ, Reaction zone (spiral tube surrounded with atuminum reflector);
B, Air blower; S, Spectropbotomcier; REC, Recorder; V, \eedle
valve; R,,Resenmr(ZOl for reuse of MB solution} . o

position at peint M is reversed and the sample is swept through
the system by MB solution supplied by gravity feed from Ru.
The photolysis is accomplished with a 750-W projector bulb
(Sylvania Electric, Model-DEC) positioned down the center
axis of a quartz spiral tube (6-mm i.d., 25-m! capaciiy). The.
extent of photolysis is independent of initensity when the Jamp
is operated at any applied power between 600 and 750 W.
The lamp and spiral tube are surrounded by an alurainum:
housing (RZ)toincrease theintensity ciareflections (7). Ahigh-:
volume rotary blower, B, is used to foice air over the lamp and
spiral tube. Solutions emerge from RZ significantly warmer
than room temperature, but this was not a problem. The
extent of photobleaching of the MB is measured spectro-
photom\.tncally with S (Bausch & Lomb Spectronic 20, 655
nm) and the increase in 7,7 is recorded (100 ppm solution of
MB = 0.79T). The ﬂow through cell (8-mm 1.d.) is of all-
glass construction and is similar to a widely used desipn (6).
The total flow rate is measured with F; (Fischer & Porter, No,
0IN-150-A) and is adjusted cia needle valve V (/). Fr
(Manostat No. 36-541) serves to assure that there is a forward,
flow of a few ml/min from R,’ even when most of the carrier
flow is supplied from R;. When a sample is introduced &t
stopcock M, F, is pegged full-scale; the flow rate during
sample injection is read using Fs. Ry is used to catch photo-
Jyzed solution; the contents of R, can be puinped back to Ry
(this connection is not shown in Figure l) after the MB color
has fully returned (ca. 2 hours). . R

(6) J. S. Fritz and G. S. Schenk, “Quantitative Analytical Chem-’
Cistey,” 2nd ed,, Allyn and Baf'on, lnc Boslon, Mass., 1939,
p 578. B

R
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Figure 2. Calibration plots for ascorbic acid determination
in orange juice .

- T, Transmittance of 25 ppm MB carrier solution when photo-
bleached with AA solution . :

J, Standard addition line; use upper concentration axis. AA from
3 ml of juice diluted to 25 ml represented by *‘j*°

W, AA standards in water; use lower concentration axis. Data
*points are averages of five or more injections :

b Reagents., Reagent grade chemicals and distilled-deionized
water were used throughout. The carrier solution of MB is
fdjusted io pH 2 (4) with HCL. It is significant to note that
one 20-1. batch of solution may be used repeatedly. Buildup

of AA photooxidation products, the presence of rcasonable -

amount of diverse substances used in the interference tests, and
dilution all resulted in no significant change in the photo-
bleaching when the MB was treated with a fresh AA sample.
One batch of 100 ppm MB solution was used for over three
thousand individual determinations before it became too con-
taminated.

Commercial vacuum cans of unsweetened orange juice and
500- or 250-mg (USP) vitamin C tablets were used. Standard
AA solutions were prepared from solid reagent daily. Serial
dilutions were then made to establish the slope of a working
fine. Interference tests were run by adding solid reagent to

‘standard AA solutions followed by sample injection and
photobleaching measurement in the usual manner.

Procedure.  Prior to running a set of samples, the flow rate
must be adjusted to a compromntise value which reflects the re-
quirements of two opposing sets of facts. The time which the
sample spends in the photolysis zone and dilution of sample
with MB carrier are favored by a slow flow rate.  But a sharp
photometric recorder trace and the time interval between
samples are favored by fast flow rate. The interaction of
these time-dependent variables is complex and has been
discussed previously (/, 2). It should be noted here that
conservation of carrier solution is not a consideration in selcc-
tion of flow rate because the MB is recycled.  In conventional
continuous analysis, the solution is discarded following the
measurement step; slow flow rates obviously favor economy
and convenience, S
~ The flow rate provided by the pump from R;’ is adjusted to
“about 50 mi/min while sample is fed into the stream by gravity
(1 ml injected in 20 sec). Faster flow rates slow the sample
.{ccd because of higher back pressure and result in excessive
dilution. Fifty ml/min provides a 1:17 (AA to MB) dilution.
When the sample injection stopcock position is reversed,
almost all the MB flow comes from R,; the contribution from
R,/ drops to only 1-2 ml/min. The total flow rate is adjusted
to about 80 ml/min with valve V. Since the sample is comn-
bined with MB solution from R,’, only this small ieservoir
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is desired. 'The larger volume of R, serves only as carriey
between samples and need not be deaerated. ) .
Once the flow rates for injecting the sample and carrying

- diluted sample are set, sample solution is used to fill the stang.

pipe of stopcock M to a fixed volume and then allowed ¢
drain into the mixing “T” at a reproducible rate. About §
min later, the maximum recorder deflection is obtained ang
another sample may then be injected; thus samples can be ryy
nearly as fést as the standpipe can be filled. :

The maximum increase in 77T, read from the recorder trace
is plotted vs. concentration of AA in the original sample an&
linear calibrations are obtained (Figure 2). The concentr,.
tion range following the above procedure with 100 ppm Mp
carrier is 4 to S0mM AA. Concentration between 0.3 ang
1.3mM can be determined if-25 ppm MB carrier is useg
Least-squares fits of data are useful for statistical analysis of
the results (J), but calibration plots suffice for routine measyge.
ments. . e, o
... The limit of detection for AA can be improved by use ¢f
even more dilute MB carrier solution. For example, using §
ppm MB, 5X 10~¢M AA could just be distinguished from the
increase in T caused by the injection of a water blank, |
100 or 25 ppm MB is used, a blank causes no observable
change in 77T. The upper AA concentration limit using §
ppm MB carrier solution is less than 10 times the detection
limit because of nonlinearity in photobleaching kinetics
at large 97 values (/). Thus, continuous analysis is possibje
at lower AA concentrations at the cost of a decrease in {he
concentration range covered.: v, - .

Measurcments of AA in orange juice requires dilution with
water and centrifugation to remove pulp.. Prior to developing
the routine procedure, we determined the range of volume per
cent of juice for which linear photobleaching occurred. This
was accomplished by serial dilution of juice, centrifugation,
and injection of 1-m! aliquots into 25 ppm MB solution, We
found that cans from several different lots of juice all gave
linear working curves of 9T vs. volume of juice between 8 and
2597, (Least-squares treatment gave relative standard errors
of slopes of less than 27,.) Next, fixed amounts of juice were
combined with varying amounts of standard AA, centrifuged,
and photobleaching of aliquots was measured.- The slope of
the standard addition working line was the same as that for
AA in water alone (Figure 2). - The serial dilution and stan-
dard addition experiments show that the bléaching of MB by
AA in juice is identical to that of AA in water, provided one
makes a suitable dilution of the viscous juice and removes the
pulp prior to sample injection.  For routine analysts, aliquels
of 10 to 15 volume per cent juice can be used with 25 ppm MB
and the AA concentration read directly from a workihg ling

_established with AA in water (Figure 2).

Tablets containing cither 500 or 250 mg of vitamin C were
analyzcd by dissolution in a few ml of 6 HCI followed by
appropriate dilution for injection into 25 ppm MB carrier.
This was accomplished by dilution of tablets to 250 ml; thena
5:100 or 10:100 dilution was made for the 500- and 250-mg
tablets, respectively, The second dilution also served to
dilute out turbidity due to undissolved binder from tablets.
Dilutions of a standard 1 mg/ml AA solution were used for
the working line similar to Figure 2,

u

RESULTS AND DISCUSSIONS R

The effect of dissolved oxygen was studied by saturatiog
reservoir R,! with either nitrogen or oxygen. Using the
bleaching of air-saturated 100 ppm MB by 10mAM AA as2
reference point, a 219, relfative gain in amount of bleachind
for the same amount of AA resultcd when N, was used
and a 19%; relative loss in bleaching resuited from O, saturs:
tion. Therefore for maximumn sensitivity, the sample should
be mixed with oxygen-free MB. However, . fot routit

. .
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masurements, aix-saiurated “‘MB was sausfactofy, 1east-
gquares reduction-of data, summarized in Table I, demon-
grate the day-to-day. reproducibility. Our laboratory is
toth temperature and humidity controlled, so the oxygen con-
centration in the MB reservoirs is essentially constant from
day 10 day. Air-saturated MB was used for all AA deter-
minations reported here. A typical working line is shown in
Figure 2. Least-squares reduction of other data are given in
TableI.

The kinetics of photolysis of a solution passing through a
mbular reactor has been discussed elsewhere (I, 7); for con-
tinuous analysis it is only necessary that the kinetics be repro-
‘ducible (2) and data summarized in Table I demonstrate that
this’ was “found to be so, even on different days. If the
_recorder is adjusted to read 0 to 1097 full scale, the last
column of Table I (8) then shows that the concentration error
“in'a determination should be around 3%, which is reason-
able for a rapid continuous photometric anatysis.

Table II presents & summary, of the interference studies.

"No substance interfered by competitive bleaching of the
“MB, although tryptophane and tryosine are reported to do so
at pH 10 (9). Note that all the aromatic compounds studied
{it¥ptophane, tyrosine, and benzoic acid) interfered seriously
«by prevent. MB blcaching, but only one sugar, mannose,
was a serious interference. For analysis of real substances,
rconclusions are: AA in orange juice (without preservatives
such as benzoate) should not be affected by the other sub-
stences, mainly sucrose and glucose, present. Artificial
.juices enriched with AA and stabilized with benzoate would
be more difficult, Artificial juices usually contain about
10-2M AA while orange juice is more concentrated, which
favors the orange juice analysis with dilution such as used
Ju the recommended procedure, Urine analysis is not
possible without pretreatment because of the interference of
urea and traces of aromatic compounds.

Measurements of AA in orange juice are facilitated by
Ailution and the sensitivity of MB blcaching allows one to
do so. Removal of pulp solids by centrifugation improved
precision of 97 readings and prevented fouling of the
flowmeter and needle valve. Therefore dilution could be
used both to facilitate removal of pulp and also for standard
‘eddition experiments. A linear increase in %7 due to
photobleaching was found over the range 8 to 25 volume
per cent of orange juice in water. With the recommended
procedure, it was possible to determine AA in juice using a
working curve prepared with AA standards in water. Veri-
fication of the concentration was carried out with standard
8ddition, " The two lines shown in Figure 2 are parallel;
least-squares slopes and standard errors are 0.423 £ 0.004
(60 observations) for AA in water and 0.417 == 0.008 (20
observations) for the standard addition experiments. Several
bois of canned juice were analyzed and AA concentrations
betwecn 2.3 10 2.8mM were found; a recently reported
Spectrophotometric method )xelckd similar results (/0).

——— .

) A, l (assmo, Rev. I'ac Ing. Quim., Umv Nac Llloml 37,
469 (1968).

B w Dixon and F. J. Massey, Jr., “Introduction to Statistical
A“ﬂbsxs 2nd ed., McGraw-Hill, New York, N.Y., pp 191-3.
O L w eil, Arch. Bloch(’m Biophys., 110, 57 (1965).

(10) B, Jaselskis and J. Nelapaty, ANAL. CHeM., 44, 379 (1972).

from the Umversxty of Houston.
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Table L. Day-to-Day Reproduciblllty of Callbraﬁon Plot l'or
i ~ Ascorbic Acid Determination - '

No of Correl. Std error' Std error”l

Day detns coeff. Slopes of slope  of estimate
"1 32 09975 1.92 0.025 0.324
B 2 . A 0.9976 1.927 0.028 0.320
3 45 0.9975 1.922 0.020 0.348

¢ From least-squares data treatment, Units of AZT/mAM AA.
* Root-mean-square deviation of sample points from least.
squares vline. Units of A%T. See reference 8 for details.

Table II. Interference Levels for Continuous Photochemical

i Analysis of Ascorbic Acid
Substance added

Interference levels
Aspartic acid 1:50
Benzoic acid 1:1
Citric acid : . 1:10
Cysteine 1:8
Fructose , 1:10
Glucose 1:100
Glutamic acid 1:100
Lactic acid A 1:10
Mannose . ) 1:1
- Succinic acid | 1:100
" Sucrose 1:10
Tartaric acid 1:70
Tryptophane : 1:1
Tyrosine : 14
Urea“. B 1:3

s Mole ratio of AA to interference which results in less than 5%
relative decrease in amount of photobleaching of 100 ppin MB
when 8mAf AA is injected.

¢ No interference at solublhty limit of diverse substance

¢ Solution adjusted to pH 2.

‘

e

Results for measurements of commercial vitamin C tablets
were quitc good. A total of seven 500-mg tablets analyzed
on two different days yielded an average value of 497 mg with
an overall standard deviation of 2.3 mg. Three 250-mg
tablets gave an average value of 247 mg with standard devi-
ation of 1.2 mg. Standard deviations for individual tablets
were less than 1 mg in all cases.

The fact that the MB photolysis can be rcvcrsed by air
oxidation enables one to recycle the carrier solution many’
times. Thus an AA working curve prepared for a given
20-1. batch of MB can be used for many subsequent measure-
ments. The fact that the solution is not discarded allows one
more freedom in selecting flow rates which optimize photol-
ysis and photometry. The convenience and precision of
photolytic treatment for use in continuous analysis is worthy
of further investigation with other photochemical systems.

’ C . | ‘ . BN
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Ascorbic Acid and Colds

Str,~I read with considerable interest the
article by Dr. Georgina H. Walker and her
colleagues (11 March, p. 603), which they
described their studies on the use of ascorbic
acid for the treatment of symptoms in the
common cold. While they are to be con-
gratulated on a critical examination of this
difficult problem, I feel that it is important
to question the interpretation of some of their
results. Their studies were conducted on a
selected group of volunteers, but they did not
indicate their sexes or ages. They used an
artificial method for infection of their sub-
jects consisting of the intranasal. instillation
of a saline suspension virus which they claim
produces comparable symptoms to those
experienced by people exposed to natural
infection. Their numbers were small, since
only 36 patients developed colds out of the
91 subjects who were inoculated, yet no
information was provided about whether the
subjects had all received a comparable intake
of ascorbic acid prior to the investigation.
For three days preceding intranasal instilla-
tion of three selected viruses which frequently
cause colds, the experimental subjects
received 3 g of ascorbic acid, but the
experimental results provided no evidence
that ascorbic acid affected the incidence or
severity of colds, or the duration or type of
symptoms in the subjects under these
conditions.

In the general population colds develop in
a rather more random fashion, and a variety
of factors may influence their incidence and
course. Among these factors the consump-
ton of large doses of ascorbic acid in the
very early stages of a cold is popularly
believed to have a therapeutic effect in sup-
pressing symptoms * Dr. Walker and her col-
leagues used this type of medication in their
studies. The effect of ascorbic acid has been
investigated in Dublin in large field surveys
during two winter periods of six months each
since 1965. In these surveys tablets have
been given to the subjects daily, and the
ability of ascorbic acid to prevent the occur-
rence of colds in a population—that is, its
prophylactic effect—has been studied. The
results of these investigations are not yet
analysed completely. Nevertheless, the initial
results in these prophylactic trials do not
appear to support the totally negative view
which arises from the cxperimental work on
the therapeutic effect of ascorbic acid which
has been reported from Salisbury. These
results will be described when the analysis
has been completed.—I am, etc,

C. W. M. WiLsON,

Department of Pharmacology,
Univc;lsiny of Dublin,
n.
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Applications of Drug Evaluation in Ireland
© Proressor C. W. M. WILSON M.A.(Dubl.), M.D., B.Sc., Ph.D.(Edin.)
Department of Pharmacology, Trinity College, University of Dublin

Sir John McMichacl has given us a fascinating
account of the protlems inherent in drug evaluation
from the point where the scientist first comes across
2 new discovery to the final stage of treatment
evaluation in the pepulation on a large scale. In 2
country like Trehind which i« now considering the
hest methods for introduction cf drug control, evalu-
ation of drugs must play a large part in our thinking.
Such cvaluation is generally carried out by profes-
sional scientists, the chemical pharmacologist, thie
general pharmacologist, and the human pharma-
cologist who examincs the pharmacodynamics of
the drug in human beings. The clinical pharmacolo-
gist carries out moIc extensive trials in samples of
the population, and finally the drug is released for
therapeutic use by the clinician who prescribes thz
drug 10 his paticnts. The prescription of a drug by
a doctor, or the advice and encouragement atout
drug-taking by an unqualified individual, the ad-
ministration of the drug, and its consequent action
in the person who received it, are the outcome of
the knowledge and experience gained from eatlier
“evaluation of the drug.

The results of its administration may te far-
reaching. Effective therapy for the discase may be
achicved and the patient returns satisficd to his
place in socicty. The therapy may not be successful
because the wrong drug is used, the dose was not
correct or the side-effects were mare serious than
anticipated. The consequences become obvious in
the unsatisficd paticnt and his disgruntled  social
circle. If the cffects produced by the adiministration
of the drug have suflicient repercussions in the com-
munity the ripples sct in motion may spread far.
“This is illustrated in JFigure 1 and is exemplified by
the history of the thalidomide incident. In our
socicty self-adininistiation of many diugs is per-
missible and fashionaltles cough mixtures, purgs-
tives, aspirins and other mild analeesics are taken
frequenty and by many people. Such drugs remove
undesired symptoms and cnable an individual to
resume his place in socicty, tut often their consump-
tion apart from ncdical need or in unnecessary
quantitics, that is their abuse, leads to a greater of

lesser degree of drug dependence (WIHO 1965). It
is fashionable, but not permissible to take other
drugs in an uncontroiled fashion in Western culture,
such as amphetamines, cannabis and heroin. This
fashion started in scrious proportions about ten
years ago in the United Kingdom, and now is
characteristic of a section of the adolescent popula-
tion in these islands. These drugs are taken to pro-
duce various desired pharmacological actions which
the individual and his culture believe will endow at-
tainable supcrnonual attributes of atemporary nature.

Evaluation of Drugs

The evaluation of drugs is of intcrest to the phar-
macologist from the point where its metabolism is
first investigated in isolated tissucs, until the stage
when the drug is used, misused, or abused by the
community at large. In discussing the subject it is
relevant to congider it in relation to experience in
Treland. The population of Ircland is a relatively
emall compact statle comniunity. It should te an
ideal community on whizh to carry out long-term
stedies of the side-cffects of drugs and so cxamples
will be chosen in relation to the cvaluation of drugs
which can be applied in the ficld of social phar-
macology. This can be defined as the theory and
practice of pharmacology in which the available
social resources in relation to drug development,
use and control, are mobilized in order to maintain
and modify the health of the individual in socicty
and the health of society as a whole.

Sir John referred to the problems of establishing
the value of treatment. This problem is complicated
and difficult to solve particularly in the case of drugs
which act on the central nervous system. It is main-
tained that the modern methodology of the double-
biind clinizal trial enables the clinical pharmacolog-
ist to solve this problen. Investigations which we
have carried out  demonstrate the ditficuliies of
assessment of drugs acting centrally, We treated 2
group of individuals in an institution who com-
phined of sleeplessness. They cach received a bar-
Biturate and a dummy tablet. We repeated the in-
vestigation three times in succession on the same
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Figure 1. The repercussions set in motion in the comm

unity following the administration of a drug (Taken

from Wilson, 1967b).

" individuals. When we examined the results of the
efficcts of the tablets, to our amazement, we found
that we could grade the patients by the number of
occasions on which they acted as placcko-reactors.
The placcbo reaction is not a constant cffect on the
same individual on successive occasions. Objeciive
methods of evaluating treatment are difficult to
assess on individual paticnits under constant con-

. ditions. How much more difficult is assessment on
populations?

There has been some discussion in this symposium
about the effects of drug advertising in the medical
and Jay press. In the work in Liverpool, to which
Professor Andrew Wilson and Dr Cahal referred,
we carricd out a series of investigations in order to
find out what factors affect the prescribing habits
of doctors. It is generally assumed that the majority
of drugs, taken by individuals in our socicty, origin-
ate from doctors’ prescriptions. However, the evid-
ence on which this assumption is based is by no
means conclusive. Aspirin is used by about 88 per
cent of the male population and g9 per cent of the
female population under the age of 30. Perhaps the
most interesting aspect of the use of this drug is
that 48 per cent of the symptoms for which adoles-
cents in the age-range 15-20 years administer as-
pirins to themselves, are unaffected or mude worse
by the treatment. It is clear that any beneficial action
which the recipients claim is produced under these
circumstances must be duc to a placebo effect
(Wilson, 1967a). Aspirin may causc toxic cflects in

Journal of the Irish Medical Association Supplement v

such individuals, but phenacctin which is used in a
similar way, can produce more serious and often
fatal effects. In the case of both these drugs, sclf-
administration results in wide-spread abuse, and is
to a large extent based on encouragement of their
use by public advertisement. This can only te con-
demned because the symptoms for which aspirin is
used often have no pharmacological justification,
Sir John has described the importance of relating
the results of animal experiments to the effects pro-
duced when a drug is first administered to human
beings. Investigations of a drug’s action in animals
is not always capable of providing the answers
about the way in which it works in human beings
when specific actions are being investigated. There
have been reperts that the trichomonicidal agent,
metronidazole, has the property of reducing the
desire to drink alcohol. The proof for such an
action is difficult to obtain and the way in which
a sclective cffect on the consumption of a specific
article of diet could be produced is difficult to ex-
plain. There is no evidence that a biochemical
mcchanism like that of disulfiram is_involved. Ex-
periments in rats showed that what Richter described
as the taste threshold might influence their con-
sumption of alcohol (Rick and Wilson, 1966). This
observation provided a clue about how metronidazole
might work, but only by testing the drug in man
could the evidence be obtained about a subjective
effect of this nature. Experiments subsequenty car-
ricd out in this department have demeonstrated that
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the action of inctronidazole in reducing the desire
for alcoho!l in human beings is, in fact, related to
their taste for alcohol, Objective tests of alcohol con-
centrations in the blood give supporting cvidence
for the conclusions which can be drawn about the
cffccts of the drug on the estimates by the subjects
about their raste threshold.

Sir John pointed out with reference to tranyley-
promine that adverse reactions can arise to the
disadvantage of the paticnt when a drug reacts
with cheese which is a norimal article of dict. It is
of interest however to realize that the opposite effect
can be produced by the appropriate use and sclec-
tion of drugs in the population. Articles of dict
which may have an undesired or deleterious effect
on an individuul, such as alcohol, can be rendered
unpleasant or undesirable by the use of drugs like
disulfiram or mctronidazole. The possibility of using
drugs in this fashion to affect the dictary habits of
apparently normal individuals in the population to
their ultimate advantage is perhaps a new pharma-
cological concept, is certainly a pharmacological
possibility and may, in the future, become an
object of pharmacological rescarch,

Use of Vitamins
It is gencrally assumed that the dictary intake of
our population is adequate to meet its requirements,
althoupgh amongst the very young and the elderly
it is accepted that some vitamin supplementation
may be necessary. In consequence, even in the
winter when the availability of Viamins C, and A
and ID may be decreased and infections are more
common, it is not recommended that the daily intake
of these vitamins should be increased, The recom-
mended daily intake of Vitamin Cin adulis is 25-75
mg for prophylactic use /BP, 1963). The recom-
mended dose in the USP is 75 mg daily. There is
a wide-spread belief that ascorbic acid in doses of
200-1,000 mg daily may have some protective effects
against the common cold. Ascorbic acid is said to
produce this protective effect both in virtue of its
prophylactic action against the common cold and as
a result of a therapeutic effect when the symptoms of
the common cold appcar. The evidence supporting
cither of these actions of Vitamin C is at present by
no means conclusive, and indeed a leading article
in Nutrition Reviews (1967) states that there is no
conclusive cvidence that, in the absence of severe
ascorbic acid depletion, ascorbic acid has any effect
on the incidence, courte, or duration of the common
cold, This conclusion is supported by the evidence
of Walker, Bynoe and Tyrrell (1967) from the com-
mon cold research centre. Their trial involving ad-
ministration of 1,000 mg daily for 3 davs in its
desipn resembled 4 therapeutic trial more nearly
than it resembled the prophylactic trials carried out

30
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by other investigators. The results indicated that
ascortic acid did not have any cffect on the experi-
mental colds which were produced in their volun-
teers. The authors did not state whether they used
male or female subjects, and they did not provide
a breakdown of the syziptoms from which the sub-
jects sutfered (Wilson, 19670). The availuble evidence
therefore suggests that Vitamin C docs not have any
cffect on the common cold, and it has been used
to argue that any prophylactic effects which ascorbic
acid might have are as inclicctive as its therapeutic
cffects. On the basis of this evidence television ad-
vertising of the value of Vitamin C for the common
cold has been withdrawn, and the conclusion must be
drawn that the Vitamin is being abused by the public.

Siuce 1965 a series of investigations involving the
administration of 200 mg daily have been carried
out on students and school-children in Dublin in
which the cffect of Vitamin C has been investigated
on the symptoms of the common cold in males and
females. The investigations have been designed as
prophylactic trials. They have been carried out
under double blind conditions and incorporated the
administration of identical dummy tablets and tablets
of ascorbic acid. The presence or absence of symp-
toms of the common cold were recorded daily, and

-in all a total of about six hundred subjccts have

been investigated during two winter scasons. The
results of the investigations were fed into a com-
puter and analysed statistically. They indicated that
ascorbic acid has a significant prophylactic effect on
the symptoms of the common cold. The origin and
implicaticns of this obscrvation are related to diet,
and to drug use by the population. Bulief in the
prophylactic effect of Vitamin C against the symp-
tems of the comimon cold has been extant for several
years, and has been encouraged by advertisements,
The relitively low figure in the B.P. for the dictary
intake of this Vitamin in comparison with the
Amencan and Russian figures bas been accepted
since the MRC report in 1953. The mechanism by
which ascorbic preduces these effects on the symp-
toms of the common cold is unknown, but the ob-
servation that it does produce these effects raises
the question as to whether the vitamin under these
circumstances is acting as an essential article which
is apparently deficient in the diet of our population,
or as a drug which is acting as an anti-infective
apent,

Insccticides
Drug development, use and control has other
implications in regard to the health of human popu-
lations, preduction of their food-stuffs, and preser-
vation of their environments. This is of particular
importance in a Jargely agriculiural nation  like
Ireland where insecticides can have outstanding
effects. Fundamental research is at present being
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carricd out in the department on the etects of
insecricides in mananals and man. In particular the
insccticides known o accumulate in the fat of
humans and animals are being studicd with specia
reference to their activity in the non-medullated
nerves of the central nervous system, It is possible
that this work will provide [urther knowledge of the
- mode of action of drugs in the brain, and will supply
information about the hazards. to man which can
arisc from the entry of this type of pesticide into
our environment (Chambers, 1968). Fnvironmental
poisoning is not the prerogative of human beings
alone. An cxample of centamination of animal feed-
ing stufl with a pesticide containing dicoumaral has
recently been described (Pugh, 1966). Such con-
tamination can potentially give rise to  scrious
agricultural hazards, and cause cconomic loss if
strict contiols are not cnsured. Naturally occurring
discase problems among livestock are of considerable
significance in Irehind, Basic research into control
of liver-fluke discase is being carried out in the de-
partment {1'ugh, 1965) as one of the aspects of
applicd and social pharmacology, since it is recog-
nized that herd dosing on a sample basis is par-
ticularly a characteristic of drug cvaluatien in agricul-
ture. The use, and hazards arvising from the misuse,
of pharmacologically active compounds in all forms
of human, animal and crop treatment and develop-
ment arc becoming increasingly important in our
everyday lives and cconemy. Awarencss of this is
necessary for our well being, and rescarch into
‘metheds for evaluation of the effects which these
compounds preduce is essential in order that we
can be aware of their relative bencfits and hazards
on a community basis.

Drug Trials 4
In his lecture Sir John discussed the development,
evaluation and testing of drugs, and he described
the difliculties and complications whick arc associa-
ted with the analysis of their eflicacy among discased
individuals in the population. Sir John said that the
*final proof which mdicated that anti-coagulants do
not benefit arterial thrombosis, was based on staus-
tical cvidence. The analysis of a number of symp-
toms in a large population over a prolonged perind
is an extensive task, and 1 agree wholeheartedly
with Sir John that {or investigations on large popu-
lation samples nowadays it is essential to design the
trials so that the number of subjects included, and
the duration of the trial, should be such that a
reasonable statiaticol analysis of the resulis can be
carricd out.

Developments in pharmacolegy today emphasize
the importance of two general lines ef rescarch both
of which require concerted and co-operative effort.
Dr Bain has pointed out how the pharmaccutical
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industry, the academic pharmacolegists pure and
applicd, and the drug administraters who are in-
dependent of government control, can co-operate
to put such concerted effort into eflect. The first
line is basic phrrinacological rescarch. It is directed
towards the develepment of new compounds for
the treatment of discase in individuals. ‘The expertise,
man-power, and equipment of the pharmaccutical
industry enables the investigators in its laboratorics
to play the leading role in this field of developmental
rescarch. Hawever, this is continually  becoming
moie demanding of wrained persounel, more techni-
cal, and more expensive. Perhaps for this very
reason we do not have any extensive pharmaceutical
research in Ireland. Even in a relatively small coun-
try like this however, the industry cannot afford to
use such a reason as an excuse for not attempting
to carry out basic research. Basic research has a
place here; it can be directed towards improve-
ments in chemical, pharmaceutical and  pharma-
cological methadoelogy; it can extend and better our
pharmaceutical enginecring; it can investigate the
storage and stability of drugs under various con-
ditions, and discover better and more efficient forms
of packaging. In addition rescarch into methods and
performance of raw material testing could add greatly
to the rate of turn-over of pharmaceutical materials
and their preparation for export. This is perhaps a
more extensive programme of basic research than
any one company would care to mount alone, Since,
however, it could be of benefit to all Irish companics,
perhaps the time has come for the industry to con-
sider whether a combined basic research programme
in this ficld would profit all the companies who
agreed (o co-operate in putting it inte effect.

The second line of pharmacological rescarch which
is increasingly becasing of importance is the clinical
evaluation of drugs in sample populations, examina-
tion of their toxic effects and investigation of ding
interactions. Only a few vears ago the last was
considered to be of minor importance, but now the
extensive consumiption, and abuse, of drugs by the
population at large has drawn attention to the com-
plicated  effects of drug interactions arising from
many unsuspected causes and among all members of
the population. Iateractions between common {oods
in the diet and chemical compounds in the environ-
ment, and drugs, adds w the difficulties of analysis
of complications which occur, and hazards which
arisc in the Irish population. The appointment of
the National Drogs Advisory Board has provided
an opportunity for the control and evaluation of
new drugs introduced into the country. However,
the clinical investigation and examination of the
effects of the pharmacologically active agents being
uscd by the population as a whole, cvaluation of
their interactions and study of their relationship to
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the national dict, environmental conditions, and
genetic characters of the population has hardly been
attempted. Research into social pharmacology is
still an undeveloped field throughout the world, The
opportunities for carrying it- out in Ireland are
great; the resulis with regard to the clinical trial
of drugs, and lenefit to the health of the population
could be outstanding.

X 4
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" Reprinted from the BRITISH MEDICAL JOURNAL,

20 March 1971, 1, 669

Vitamin C and the Common Cold

(To the EDITOR of the BRITISH MEDICAL JournaL)

Sir,—An article appeared in the Sur.lday
Times of 14 February in which Dr. Linus
Pauling's book Vitamin C and the Common
Cold' was discussed. During the past six
years a programme of research has b.ccn
carried out in this depariment on various
aspects of the metabolism and action of
vitamin C, and several papers have now
been published describing the results >?
Included in this programme has been a
study on the relationship between the
administration of supplementary vitamin C
and the occurrence of symptoms of the
common cold. Dr. Pauling referred 10 the
results of these investigations in his book.
Any discussion abeut vitamin C and the
common cold must tzke into account the
human requirements for exogenous vitamin
C. The United Kingdom Panel on Recom-
mended Allowances of Nutrients points out
that there are two theories about the humfm
requirements for vitamin C! One spe.ci'fncs
that humans require  onlv sufficient
exogenous vitamin C 1o prevent them from
degenerating into a scorbutic  state. Thc
other theory proposes that human beings
should, ideally, be saturated with vitamin C.
They would then physiologically resemblc
other animals which can make sufficient
vitamin C to keep themselves continuously
saturated. The official British attitude is to
suoport the former theory. The Americans
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and Russians incline to support the latter
theory. Accordingly they specify larger dailv
human requirements for vitamin C.

It was stated in the Sunday Times article
that many trials have been carried out in an
attempt to investigate the relationship
between administration of supplementary
vitamin C and control of the common cold.
The results of these trials have been
reviewed in Nwutrition Reviews® and more
recently by Regnier.t® " Examination of the
results' of these trials makes two points evi-
dent. The first is tbat all the trials have
measurcd the relationship between the
aopearance and severity of symptoms of the
common cold and the administration of
various doses of suoplementarv vitamin C
for varving periods of time to different pop-
vlation samoles, In addition. Dr. D. A. 1.
Tvrrell’'s trial'? attemoted to evaluate the
relationshio between viruvses associated with
the appearance of common cold svmptoms
and administration of sucvplementary
vitamin C. In the latter trial. however,
nroduction of cold svmptoms in subjects
incculated with common cold viruses had a
success rate of only 38°9.,. No information
was provided about the sex, age, or vitamin
C status of the treated or control volunteer
suhiects.!® There is considerable evidence
that the first two factors affect ascorbic acid
metabolism in different individuals, and that
the third factor influences tissue integrity
and npormal function.* Nothing can
therefore be concluded about the relation-
shio of ascorbic acid rnetabolism and the
annearance of cold svmotoms in  the
different evoerimental groups from the
results of this trial. In the Sunday Times it
was stated that this trial. carried out at the
Common Cold Research Unit, was probably
the best conducted up to the present date.
It may successfully have demonstrated the
relationship between the common cold
viruses and development of symptoms of
the common cold, but by modern standards
of clinical trial methodology it could not be
classified as a well conducted clinical trial
on the relationship between development of
the clinical features of the common cold
and the administration of supplementary
vitamin C.
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being attained, Dr. yrrell has demon.

thar thijs supp‘“cmenrary ascorbic acjg signif-
icandy reduces the duran’on, feverity, angd
incidence of common celd Symptoms ip ado-
lescent subjects 16 Howevyer the final proof
of the cffir:acy of supplcm‘cntary vitamin
in reducing the severity of tommon  ¢pld
Symptemys requires Critical imcmrcran'on of
the state of ascorbic acid Metabolism jn the
infected subjecte during their colys, Such
intcmreta!ion is dcncndcnt upan accurate
knowledge of the rclationship between their
plasmy and leuco:yre ascorbic acig values,
and |he ftate  of their ascorbic  a¢iq
stcres.1s 19

Dr. Pauling did not brovide thjs Critical
eviderce necessary  for Support  of his
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THE DIETS OF ELDERLY PEOPLE IN DUBLIN
By )
C. W. M. WILSON, M.D., B.SC., PH.D.

and

CATHERINE NoLAN®

From The Departiment of Pharmacology, Trinity College,
University of Dublin.

Sununary

DIETARY survey was carried out between Qctober and December,

1969. on thirty-one elderly healthy subjects aged 64 to 86 years living

in central Dublin. Their living conditions in relation to age. sex and
social contacts. and in relation to dictary intakc were analysed. Eighty-
seven per cent lived alone but contact with church, family and friends pro-
vided social contact to varying degrees. Just over half the subjccts depended
on day clubs or Mcals on Wheels for supplementary dictary intake. The
average dictary intake of the sample was generally adequate, but was below
the recommended British Standards for Calorics and Calcium. However
36, of the subjects had an intake of Vitamin C. and 6% had an intake of
iron. below the recommended British Standards. The intake of nutrients
diminiched with increasing age. Dictary intake was related to living condi-
tions. the subjecis living with relatives having the best intake, and those
living alone and dependent on Meals on Wheels having the lowest intake.

Introduction

It has been pointed out by Exton-Smith and Stanton (1965) that the pre-
cise nutritional nceds of old people are unknown. The recommended intakes
for nutrients are defined as the amounts sufficient or more than suflicient
for the nutritional nceds of practically all healthy persons in a population
(HMSO. 1969). Tt is however known that the intake of individual nutri-
ents influences the requirements of other nutrients (HMSO. 1969) and
that differences in zctivity. sex and age have profound effects on the needs
of dificrent samples of the population (Cuthbertson, 1964) Efforts to estab-
lish precise nutritional needs of a section of the population therefore come
up against the problem of defining the state of optimum health with which
the nutritional nceds of the particular population should be correlated.
Exton-Smith and Stanton attempted to do this by surveying the nutritional
intake of clderly women living in London by questionnaire and recipe
methods (Schaefer. 1966), and evaluating their state of hcalth by suitable
clinical and biochemical examinations. Having established the correlation
between nutritional status and state of health in a particular population in
this way, it is then possible to find oul whether alteration of the nutrition in
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specific ways can improve the state of health, The beneficial effect on
health produced by administration of folic acid 10 pregnant women,
(Chanarin, ¢r al.. 1968). the improvement in thestate of dentition obtained
by addition of fluoride to water (Arnold, ¢f al.. 1956), the increase in
haemoglobin level produced by administration of supplementary vitamin
C to elderly subjects (Loh and Wilson, 1970), and the prophylactic-effect of
vitamin C on the common cold (Wilson and Loh, 1970) provide examples of
the way in which an optimum nutritional status in specific nutrients can give
rise to improved health.

Little information is available about the dictary intake of old people in
Ireland, although O'Sullivan, er al. (1968) have investigated the vitamin C
intake of old people in Cork thee-quarters of whom were ill and one quarter
of whom were healthy old people. In the course of studies on the vita-
min C intake of old people, a survey of the nutritional status of
healthy old people living at home in central Dublin was carried out by the
questionnaire method. The results of this study are presented here.

Methods

Twenty-cight women and three men were included in the survey. Their
ages ranged from sixty-four to cighty-six ycars. Four had been patients in
a Dublin geriatric hospital (M) and the others were selected at random from
the membership lists of two Dublin clubs for elderly people. Some of the
subjects were found ineligible because of* deafness, or mental confusion
which would have made communication difticult. All the subjects who
finally participated werc apparently healthy and mentally alert.

Each subject was contacted individually at his or her home and the pur-
pose of the survey explained. After the nitial contact, each subject was
interviewed at least twice more. The interviews were conducted at home,
except in some cases who spent most of their time at a Club where they were
interviewed.

The subject reported the type and amount of {ood eaten at ecach meal
since the previous visit.  Most of the subjects were able to write down the
necessary information themselves; in cases of illiteracy or physical handicap,
the information was written down by the interviewer. Wherever possible,
the help of a neighbour or relative was enhisted.  Each subject then com-
pleted a form listing all food and beverages taken during the course of the
week. It was possible by asking general questions to ascertain whether or
not the dictary intake of that particular week seemed to be typical of the
subject’s general diet.  Another form was used to investigate factors in the
subject’s life, such as living conditions, degree of independence and social
activities. This form was completed by the interviewer, who obtained the
information cither from dircet observation or the subject’s answers (0 qucs-
tions. ~ The diet was analysed for protein, fat, carbohydrate and calorie
intake, and consumption of calcium, iron, and vitamin C by the use of the
tables preparcd by McCance and Widdowson (H.M.S.0., 1960).

Results

The results of the survey are described in relation to the age, sex, and
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sociid conditions of the sumple. and in relation to the dictary intake of the
subjects. -

Ave. Sex and Social Conditions

The age and living conditions of the subjects are shown in Table L.
Many of the subjects when questioned had difliculty in remembcring their
exact birth-date. but most knew how old they were. Of the three males,
one was married and living with his wife. the other two were living with
their children. Six of the subjects did not live alone. three lived with a
husband or wife. the other three with younger relatives in a family sttuation.
The remainder were asked how long they had lived alone (Table ). Six did
not know exactly. but had lived alone since the death of their husbands. Four
unmarried women had lived alone for thirty-five years or more from the
time of leaving their parents. Living alonc did not appear to affect the
subjects” ability to care for themselves, although this factor cannot be readily
isolated from other social aspects. A woman who had been living alone
for only two years since the death of her husband reported that she had not
yet adjusted to her loss. and that it affected her cating habits. Nearly all
mentioned loneliness as one of the main problems of old age. This applied
even to those who were socially active in church activities and clubs. The
feeling of loneliness was counteracled in four ways which were not mutu-
ally exclusive although the subjects tended to prefer and use one method
more than the others. It appeared that these methods for maintaining
social contact were deliberately sought though it was difficult to determine
the extent to which one method rather than another was chosen as a con-
scious process on the part of the old people. The degree to which they main-
tained contact socially is shown in Table 2.

TABLE 1

The age-range and living conditions of the subjects included in the sample.

Arge range Number Home ccnditions Duration in Yecars
' 35 8-25 8  unknown
64-69 7 Alone 4 12 3 6
70-75 12 With relatives ki -— — —
76-80 4 With partner 3 -— — _—
81-86 8

Casual daily contacl with ncighbours and fricnds was most important for
the majority of the subjects.  All except threc knew some [riends and neigh-
bours, and were visited in their homes. Twenty attended clubs on one or
more evenings a weck. The clubs were organised by the church and con-
sisted of a woman's club mecting once a week, or a day centre for elderly
people meeting every day for a midday meal and afterncon activities. Club
attendances varied, but just under half the subjects aitended five or six days
cach week, and just under one-third did not attend any club at all. It was
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TABLE 2

Characteristics of the sumple in respect of social contact and preparation of food.

Figures refer to numbers of subjects in cach category.  Regelir visits indicate visits

at least once per wesk. In relation to club attendances number of visits per week are

indicated. "Responsibility for the preparation of the subjects’ food is indicated with

reference to the parson or organisation which cooked it, and the subjects’ facilitics
for cooking.

VARIETY AND EXTENT OF UTILISATION

Social/Cookilng
Characteristics

Number of Subiects

Social Contact Church No Daily Priest Infrequent
Clubs Contact Mass Visits Contact
CHURCH 12 1 15 1 2
Having No Regular  Week-ends Infrequent
Retatives Family Visits Only Contact
FAMILY . 20 1 14 5 ]
. " Having No Regular
Fricnds Fricnds Visits
FRIENDS 28 3 28 — —
Attends No 5-6 34 Once
Clubs Clubs Visits Visits Weekly
CLUBS 20 11 13 k) 4
Cooking Subiject Subject Rclatives Mecals on Day
Alone Major Part Wheels Club
RESPONSIBILITY 6 6 2 2 15
Rings & Rings Kitchen Living Qutside
Oven Alone Room House
FAOQILITIES 19 12 7 23 1

not clear, in the casc of the day centre club, how many of the members
attended mostly for social reasons as opposcd to reasons of having access
to an incxpensive midday meal. Twenty subjects had children and other
living relatives; fourtcen were visited regularly by their families, reccived
presents and letters, and, in some cascs, a certain amount of financial aid.
Five regularly spent week-ends with relatives and one woman visited her
son in America every three years. All the subjects except one had contact
with the church which formed a most imporiant centre for social contact
and support in their lives. Fiftcen went to Mass every day. Twelve attended
clubs connected with the Church. participated in church activities, and went
on outings. One woman who was house-bound had regular visits from her

nriect
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The subjects who were most active in clubs also received more visits
from relatives and friends. and had more social life altogether. At least
eleven subjects had very little social life at all. Those who were sacially
active were the most welcoming towards the interviewer. The moderately
active were hesitant at first, then seemed pleased to have visits. The three
subjects who seemed 10 be most isolated from other people were the most
difficult; they displayed. if not hostility. a great deal of nervousness through-
out the interviews. The subjects stated that visits from relatives were less
frequent than they would have wished. All scemed to prefer spending
time with younger people. Most of them cnjoyed taking part in the survey,
and were pleased that an interest was being taken in them. When there was
initial hesitation. it was usually overcome by a clear explanation. One
woman thought that her pension would be taken away if she was inter-
viewed. and several were under the impression that if they seemed fo be
eating too well at home, they would no longer be allowed to attend their
clubs for meals.

Most lived in Corporation flats and houses of two or three rooms, with
adequate toilet facilities. One woman lived in a block of flats reserved for
elderly people and a man lived in the house owned by his daughter and
son-in-law. Three of the subjects owned their own homes and one woman
owned her house. but lived only in two rooms on the ground floor. Tenants
occupied the rest. Twenty-five subjects did all their own general house-
work; of the remainder, one was house-bound and had a neighbour who
came in three times a week to clean. Two of the subjects living with rela-
tives did no housework at all, one did a limited amount but was helped by
her grand-daughter and two had home-helps who came in three times 2
week.

Very little information was obtained about their financial situation. They
all received pensions and four mentioned other benefits. Six were getting
some financial aid from relatives at home and abroad: threc more received
occasional cheques for Christmas or birthdays. One subject was receiving
rent from lodgers. All subjects used National Aid Services—local dispen-
sary. free turf, bus service. It is possible. however, that some individuals
who were eligible for benefits were not receiving them because of lack of
information. However, most of the subjects who scemed to be in need of
assistance were recsiving it. With regard to the relationship between their
financial situation and the availability of an adequate diet, it was apparent
that the important factor was not the quantity of moncy which was spent
on food. but rather the way in which the available money was expended.
Individual subjects in apparently the same financial situation varied greatly
in their ability to feed themsclves properly. ’

All the subjects who did their own housework also did errands,
with occasional help from ncighbours and relatives. Only three women
mentioned proudly that they did all their own shopping and housework
and relicd on no one. Those subjects who lived with relatives or had home-
helps did few errands. None had food delivered to their homes. with the
exception of milk. For all the relatively active subjects, shopping was not
a problem, as most had less than five minutes 1o walk to a shop. The
maiority shopped every day or cvery two days. part of the reason for this
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was inadequate storage facilitics. Only one woman owned a refrigerator.
Eight women had only shelves on which to store food. but most of them said
that they enjoyed shopping and for many this was the only outing of the day.

The ability of the subjccts to prepare their own meals varied consider-
ably. This variation was governed by their interest in food as a major
function in their daily life. This in turn affected the existence of adequate
facilities for the preparation of food in their dwellings and the extent to
which they could. or did, depend on the willingness of friends or relatives
or clubs to prepare their food for them. The subjects were encouraged to
talk about their likes and dislikes in food. and about their dietary habits
in general. Most of them consumed the same kind of food day after day,
and they ate food that did not require elaborate preparation. Atout twelve
were conscious of nutritional needs, mentioned advice from doctors on diets
and health, and tried to eat what was good for them and avoid food that
was fattening.

The facilities for home preparation of food and the extent to which
they made use of these facilities are shown in Table 2. Nineteen subjects
had adequate facilities in the form of rings and an oven to do their own
cooking, but only six used thesc facilities to the extent of preparing all
their own food. Facilities were dependent not only on the availability of
an adequate cooker but also on the surroundings for cooking. A ring in
the. corner of the living room was less satisfactory both psychologically
and physically than an oven and rings in a kitchen. Only scven subjects
had separate kitchens; the rest had small kitchenettes, or had the cooking
facilities in the main living rcom. One husband and wife had their gas
cooker on the landing outside the flat door.

Six subjects did all their own cooking. Another six did most of their
own cooking, but also ate meals with relatives, at the club. or at restaurants.
These subjccts varied greatly in their intake of food and general ability.
Two subjects ate all their meals with younger relatives who did the cooking.
Their eating habits were above average—they also seemed to have a greater
variety of food. and more cooked meals.

Dietary intake

Two subjects received Mcals on Wheels five times a weck. It consisted
of a two-course midday meal delivered to their homes which contained
meat or fish. potatoes and another vegetable. and some kind of sweet, rice,
stewed fruit or custard. The service scemed to be adequate for the supply
of nutrition during the week. but it required that the subject cater for him-
self over the week-end. In conscquence the dietary intake of both subjects
was reduced when Meals on Wheels was not delivered. For one subject
who was dependent on the service while his wife was temporarily in hos-
pital any daily deficiency was of less importance than for the other subject
who was semi-invalid. and for whom a neighbour did house-work and a
little cooking. During the week-ends her diet consisted of :

Saturday dinner — 2 slices of bread, tea.

Sunda'y dinner —- 2 slices of bread, tea.
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Fifteen of the subjects during the week of the survey ate live midday
maels at the club. The menu varied liude from week 1o week, Every meal
consisted of four courses:

Soup.

Meat—stewed beef. corned beef, pork. roast beef, fish or eggs on Friday.
Potatoes—roast. boiled or mashed.

Vegetables— peas, cabbage, turnips, parsnips.

Swect—-stewed apples, custard. sago. rice.

Tea and biscuits.

The subjects who ate at the club fell into two groups; those who de-
pended primarily on the club midday meal for adequate nutrition, and those
who also cooked for themselves at home.

A small but fairly constant proportion varicd their intake several times
each week. The food intake consisted of milk, butter, sugar, bread, cake
and biscuits, beef, potatoes. green vegetables. and cggs which were eaten
three times per weck or more frequently by two-thirds or more.  Pork was
the next most popular form of protein. Rice was used by about half the
subjects as a source of carbohydrate. Fresh fruit and salads were caten by
only about 20% of these old people. The average daily intake of protein,
fat, carbohydrate, minerals, and vitamin C, during the weck of the survey,
is shown in Table 3. The intake altered with increasing age, protein and fat

TABLE 3

Average daily intake of nutrients during a survev period of one weck. The daily

intake cf protein, fat and carbohydrate is mecasured in grams, that of calcium, iron

and Vitamin C in milligrams and the ¢cnergy intake is measured in kilocalories. The

average intake of the Dublin sample is indicated as a percentage of the recommended
dietary allowance in Great Britain.

% Recom- % Recom-
Aged 70 ~ Aged. " ® Change
snded ende o {

and below n;;?a(ktc Over 70 n;:&kf with age
Protein 59.1 116 © s 109 —11
Fat 76.9 — 72.3 — —6
Carbohydrates 1928 — 198.6 - +2
Calorics 161.9 79 158.2 83 -3
Calcium 391 78 475 95 +21
Iron 16.5 165 14.5 145 —12
Vitamin C 34.0 13 310 103 —9
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falling and carbohyvdrate rising shightly as the subjects grew older. Calorie
intake diminished due principatly 1o the fall in consumption of fat. the in-
crease in calories provided by carbohydrate being bulanced by the full in
calories derived from protein,  The calcium intake increased with age. and
the intake of iron and vitamin C diminished concurrently to a similar degree.
There were only threc males among the thirty-one subijects. and their daily
intake was within the dietary intake range of the females. The mean intake
of the whole group has therefore been calculated and compared with that of
recommended dietary allowances in Great Britain (H.M.S.0.. 1969). The
intake of the Irish group is expressed as a percentage of the recommended
intake for British females (Table 3). Calorie intake was just over four-fifths
of that recommended in Britain and protein intake was more than adequate.
Mean values for the intake of iron and vitamin C exceeded the dietary al-
lowances of iron and vitamin C recommended in Great Britain. How-
ever the range of intake of both these substances had a wide spread (Table
4). Eleven. 36%. of the subjects had a daily vitamin C intake of less than
the minimum level of 30 mz. and 6% had an iron intake of less than the
minimum intake of 10 meg. Each of those who had a deficient intake of iron
were also deficient in Vitamin C. This Irish sample was deficient in its
calcium intake. The mean intake of the whole group was 94" of ths re-
commended British value for sedentary females.

* TABLE 4

Range of daily intake of Vitamin C. calcium and iron in milligrams in the Dublin
sample compared with the recommended intake in Great Britain,

¢, Less Than

. Recommendced Sample Range of '
Nutrient Daily Intake Mean Intake Intake Recomm’cndcd
Intake
VITAMIN C 30 32 18- 56 6
CALCIUM 500 471 204-793 61
IRON 10 148 30-234 "6

Those who lived with relatives (Group A) tended to have a slightly
better overall dictary intake than the club attenders {Group B), (Table 5).
Their calcium was remarkably low. but their intake of iron and vitamin C
was high. Their calories were derived from carbohydrates whereas the
calorics of the club atienders were derived more from fut. The group which
tived alone, did not atiend clubs and depended o a variable extent on Mecals
on Wheels. was dictetically more deficient than the other two groups. The
was their dietary intake of protein, carbohydrates, fat and calories. Their
more frequently the club attenders went to their clubs for meals and better
intake of calcium, iron and Vitamin C was up to the standard recommended
in Great Britain. 1f the subjects could supplement the meals they
obtained at clubs with other resources including cooking facilities and assist-

-
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ance from relatives and neighbours their nutritional intake was higher, For
the subjects in Group C who lived alone, Mealy on Wheels proved to be
a very necessary dictary supplement. Those who did not receive this supple-
ment were deficient in all forms of nutriment.

TABLE 5

Nutrient intake classified according 1o living conditions at home. Group A ; Sub-

jects living with relatives.  Group B : Subjects living alone and attending clubs more

than four times per weeh. Group C.: Subjects living ulone, not attending clubs and
using Mcals on Wheels.

Carbo- Vita-

Subject No. of Protein Fat h ... Calcium Tron h
. A ydrate Calories minC
Type Subjects  (G) (G) (G) (mg) (mg) (mg)
A 3 55 65 219 1669 239 17 45
B 20 54 78 188 1597 447 15 3
C 8 47 65 164 1399 420 12 27
Discussion

~ The methods used in this survey give a general idea of the dietary intake

of the subjects. and their basic living conditions which are related to nutri-
tion. Ideally the nutritional appraisal of a population should involve three
methods of assessment namely questionnaire, recipe, and food composite
analysis. However when these methods are used simullaneously on a popu-
lation, it has been demonstrated that agreement between them is highly
satisfactory, and that nutrient levels agree quite well when considered area
by arca (Schuefer, 1966). 1t has been shown that the results for vitamin C
intake. when calculated by weighing and estimation from food composition
tables, are higher than those obtained after chemical analysis of the food
(Disscldufl & Murphy. 1968). It has further been demonstrated that theva
values for the vitamin C content of foods obtained from the tables of
McCance and Widdowson (1960) are higher than the quantities of vitamin C
actually consumed in nutritional food as it is served on account of the loss
produced by handling, overcooking and service of the food (Plaut, Eddy and
Pellett, 1964).  This almost certainly applied to the subjects who derived
their food primarily from Clubs. and Meals on Wheels in this survey, It is
probable therefore that the values oblained by the questionnaire represent
higher levels of intake of the vitamin than were actually eaten by these sub-
jects. Andrews, Brook and Allen (1966) have demonstrated that the intake of
dietary vitamin C and leucocyte ascorbic acid levels are correlated. It is
therefore not surprising that low concentrations of tissue ascorbic acid have
been reported from sections of the population of old people in Cork and
Dublin (O'Sullivan, et al.. 1968; Loh and Wilson. 1970).
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The sample was small, and in cortain wass restiicied. Elderly, people
who were deaf. mentally confused. or otherwise diflicult to communicate
with were not interviewed.  Those who were interviewed had contact with
sacial authorities and other organisations. Thus, if they were in need of
assistance. they were already receiving it All were in relatively good health,
mentally alert, and cither cared for. or well able o take care of themselves.
No cases of severe ill-hzalth due 1o mualnutrition were detected. Many of the
subjects were not eating particularly well. but all were eating adequately.
The services of Meals on Wheels for invalid and otherwise needy people,
and of the club, providing not only a midday meal, but also social activities,
served a major purposc and played a valuable dietetic role. The Club mem-
bers seemed to have a slightly higher level of nutrition than the subjects who
did not use any social lacilities for the provision of meals. The advantages
of the club meals are cheapness. service and preparation specifically for the
subjects, and social contact.  For the elderly they eliminate the problems of
buying the fcod. cooking and washing-up. The club is most convenient for
people in the immediate area: during bad weather, membership decreases.
This may lead to a decrease in nutritional intake of the individuals who
have any form of respiratory or rheumatic disease or for any other reason
are unable to cope with inclement weather.

The nutritional intake of this sample of geriatric subjects living at home
in Dublin was adequate to provide suflicient for their nutritional needs,
exctpt in the case of calories and calcium, as specified for the requirements
in the United Kingdom (H.M.S.O.. 1969). The intake of calories, protein
and fat was reduced with increasing age in the same way as was reporled
by Exton-Smith and Stanton (1965) for their sample of elderly women living
in London. However the fall in consumption of protein and fat was less
pronounced than in the London sample, and the carbohydrate intake in-
creased slightly as the subjects grew older which differed from the findings
in London geriatric subjects. Calculation of the percentage calories supplied
by the protein consumption under and over the age of seventy showed a re-
markable similarity ranging from 13.7 to 12.9% in the two age groups.
Exton-Smith and Stanton (1965) found essentially similar values for their
age groups and concluded that the quality of the dizt varied little in subjects
of this age range. The subjects living with relatives and the club attenders
in the Dublin sumple had a high protein intake by the recommended British
standards. Exton-Smith and Stanton (1965) correlated a high protein intake
with better than average health. The standard of health in the Dublin
geriatric subjects who lived with relatives and who went frequently to their
clubs certainly appeared to be good.

The mean intake of vitamin C in the subjects over the age of seveaty
was just above the required level it was slightly higher for those below
seventy years.  These levels of intake correspond to those reported in geriat-
ric subjects by Andrews. Brook and Allen (1966) and by O'Sullivan, et al.
(1968). when calculated by the questionnaire method. and 1o those reported
by Disselduff and Murphy (1968) when estimated by weighing the food con-
sumed. The mean intake of iron was more than adequate. However
analysis of the range of intake of iron and vitamin C among the subjzcts
indicated that deficiency in vitamin C consumption was much more pro-
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nounced than deticieney inaron mtabe.  Anacmizne of the sron-deliciency
pe is common among old people tRediord and Wollner, 1938 11 the old
people in this sample did sutfer from aoaemi, it is probable that improve-
ment of their intake of vitanun C would be ol more therapeutic benetit than
the admiistration of iron for improving the anaemic condition (1.oh and
Wilvon, 197, Exton-Smith and Stanton (1965) point out that, of their
geriatric subjects siv were pot appreciably anacmic although they did have
a low dictary intuke of iron. The mean calcium intake was low in the
sample and 61<, of the subjects had a deficient intake.  Although all the
subjects drank nmulk in varying quantities, their intake of milk was generally
inadequate to supply the necessary quantity of calcium. Some of the sub-
jecis did complain of joint pains and a few were relatively inactive. The
relutively high intake of protein suggests that any osteoporosis from which
these subjects may have suffered was not attributable to deficiency in main-
tenance of the bone matrix (Reifenstein and Albright, 1947). Exton-Smith
and Stanton (1965) and Exton-Smith, Hodgkinson and Stanton (1966) failed
to implicate either protein or calcium deficiency as a cause of skeletal de-
mineralisation in their group of elderly subjects although they did suggest
that deficiency of Vitamin D could have been responsible. and Greenwcod
(1964) has indicated that deficiency of Vitamin C may play a part in produc-
tion of joint pains.
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PROCEEDINGS - COMMUNICATION S
GESELLSCHAFTSVERHANDLUNGEN

BRITISH ALLERGY SOCIETY

The Summer Meeting of the Society was held at the Royal Society of .

Medicine, London, W. 1. on 7th. June, 1969.

Scicntific Programme

The speakers were: Professor C. M. Wilson (Dublin) on “Ascorbic
Acid and Upper Respiratory Inflammation”, Mr. R. Donovan (Lon-
don) on “Immunoglobulins in Nasal Polyp Fluid”, Dr. J. Brostoff
(London) on “The Diagnosis of Perennial Rhinitis”, Dr. G. Taylor
(Manchester) on “Nasal Provocation Testing”, Dr. L. H. Capel
(London) on “Disodium Cromoglycate for Perennial Rhinitis in Aller-
gic Subjects”.

K. M. Citron, M.D., F.R.C. P.

Honorary Secretary

ASCORBIC ACID AND UPPER RESPIRATORY INFLAMMATION by
C. W.M. Wisox and H.S.Lon, The Department of Pharmacclogy, Trinity
College, University of Dublin, Dublin 2. ’

Problems of definition of the disease, and of classification of the symp-
toms, arise in clinical trials concerned with the upper respiratory in-
flam:nation associated with the common cold. (Wilson, British Medical
Journal, June 1967, 1, 6g5-699). In this acute inflammation, ascorbic
acid s said to produce its protective effect both by virtue of its prophy-
lactic action, and as a result of its therapeutic effect when the signs
of the cold appear. Certain criteria therefore must be satisfied regard-
ing the definizion of symptoms and design and analysis of the investi-
gations; and in respect of the purpose and dosage of ascorbic acid, if
valid conclusions are to be obtained when the eficct of ascorbic acid is
being assessed in clinical trials on the cominon cold. Symptoms must be
defined and their duration measured; trials must be double blind and
their therapeutic or prophylactic purpose must be stated ; the sex of the
subjects must be specified and their environiment should be controlled;
the number or subjects and duration of the trial must be such that a

-
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reasonzble statistical analysis of the results can be carried out; it is
desirable that measurements of ascorbic acid metabolism should be per-
formed during the course of the trial in order to correlate changes in
the symptoms with the form of therapy administered.

These criteria have been investigated during: the last four years,
during which 200 mz tablets of ascorbic acid and dummy tablets were
administered daily to children in boarding schools during the seven
winter mwonths, The presence or absence of symptoms of the common
cold, (Tyrrell 1965) was recorded daily. The results are now described
from one female school containing 103 subjects of whom 57 received
ascorbiv acid and 46 received dummy tablets.

As a result of computer analvsis it was found that the symptoms in
all the children could be separated inte two unrelated groups consisting
of sore threat, headache, feverish and out of sorts, defined as toxic
colds; und cold in the head, cough, nasal obstruction and nasal dis-
charge, defined as catarrhal colds. Ascorbic acid reduced the incidence,
duration 2nd severity of these symptoms in comparison with those in
children receiving dummy tablets. The form of the toxic and catarrhal
colds was zlso siznificantly altered so that symptom association weas
reduced in the presence of ascorbic acid. Duration of the symptoms,
cold in the head and nasal discharge, in catarrhal colds, were reduced
from fourteen to eizht days in children recetving ascorbic acid. The
giris who had received 200 mg ascorbic acid daily for three months had
a leve! 60 ug/10° cells ascorbic acid in their white blood cells which
was siguificantly higher than in the girls who received dummy tablets.
The latter had a level of 42.5 ug/10° cells. Other measurements
demonstrated that the plasma values of ascorbic acid is altered in young
adults who have symptoms associazed with the common cold. It is
concluded that the prophylactic administration of ascorbic acid to young
adults signiricantly reduces the intensity of the symptoms, and form of
their association, in the common cold. This effect is correlated with a
significant elevation in the tissuc level of ascorbic acid.

IMMUNOGLOBULINS IN NASAL POLYP FLUID by R.Doxovax, S.G.0O.
Jomaxssox, M. BeNsien and J. F. SootH:iiL
Naszl polyp fluid and serum concentrations of albumiz, a macroglob-
ulin, IaE, 132G, IgA and IgM, polyp histology, and a clinical assessment
of reaginicity have been studied in 29 patients with nasal polyps.

The concentrations of albumin and e macroglobulin in the polyps are
consistent with poorly selective filtration from serum.

Pl
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Nasal polyp concentrations of IgE, IgG, and IgA are in excess of
that which can be explained by filtration, in most patients, suggesting
local production.

Serum lgE concentration is related to the clinical diagnosis of rea-
ginicity, but local production of IgL is not. -

Local IgE production correlates with the tendency to sneeze.

Polyps infiltrated mainly with eosinophils have higher relative con-
centrations of « macroglobulin and less selectivity for molecular size,
suxgesting greater capillary leakiness, than do those infiltrated mainly
with lymphocytes. |

THE DIAGNOSIS OF PERENNIAL RHINITIS by J.Brostorr and G.P.

WaLsu-\WArING, Department of Immunology, Arthur Stanley House, The Midd-

Jesex Hospital Medical School, London, W. 1.

754 patients with a history of perennial rhinitis were seen in an allergy
or rhinitis clinic which was run jointly by an allergist and an L. N. T.
surgcon. Patients were diagnosed as having extrinsic rhinitis when there
was a discoverable allergic or other cause for their symptoms; these
patients comprised a third of the whole. All had positive skin tests
which were relevant clinically. Intrinsic rhinitis is a diagnosis of ignor-
arce, 1. e., there is no discoverable cause for the patient’s symptoms (e. g-
vasomotor rhinitis). In spite of this 32 per cent of these patients had
positive skin tests which were decmed irrelevant clinically. 40 per cent
of the patients with nasal polypi had definite extrinsic factors produc-
ing their nasal symptoms, although there was no proof that these were
the cause of the polypi.

Nasal obstruction has many causes, some of which are allergic. The
“Typical allergic mucosa’ which is pale and moist signifies the presence
of oedema only and does not imply an allergic pathogenesis. 75 per cent
of patients with nasal obstruction, whether or not a history of deafness
was obtained, had abnormal audiograms, greater than 10db. loss in the
low frequency range. Vasomotor rhinitis, which may also present with
the symptoms of obstruction is not a diagnosis but a description of a
pathcphysiological condition with many causes.

NASAL PROVOCATION TESTING by G.Tavior, Department of Bacterio-
logy and Virology, University of Manchester, Brunswick Strect, Manchester, 13.

Because of the lack of complete correlation between skin sensitivity and
clinical sensitivity in allergic rhinitis it is considered desirable that a
testing system more closely related to the clinical situaticn should be

9148
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developed. The value of such a system would be greatest in the unusual
or difficult patient or as an indicator of sensitivity In research projects,
The major difficulties in nasal provocation testing are .the standardi-
sation of antigen challenge and measurement of the response. A method
is descrihed in which acrosol challenge is used and the response is meas-
ured as chanze in nasal airway resistance. The latter is determined by
continuous measurcment of flow-pressure variations between the post
nasal space and the anterior nares. Results are presented in a group of
pollen sensitive subjects in whom antigen dose——airway resistance re-
sponses have been measured. The changes in nasal airway resistance on
antigen challenge are also compared with skin sensitivity. The method’s
value as 2 research produce is illustrated by studies on the effects of
sodium cromoglycate on antigen induced nasal airway resistance changes.

Ne
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THE EFFECT OF SUPPLEMENTARY VITAMIN C
i AND IRON ON HAEMOPOIESIS IN OLD AGE -

by

C.W.M. Wilson
and
H.S. Loh

Department of Pharmacology,
University of Dublin,
Trinity College,
Dublin 2,
Ireland.

ABSTRACT

Supplementary Vitamin C (500 mg daily), slow release iron
(105 mg elemental iron daily), or the two forms of medication in
combination were administered daily by mouth to three groups of
male and three groups of female geriatric subjects. Leucocyte
ascorbic acid concentrations and haemoglobin levels were measured
in all the subjects at intervals during the fourteen week period
of the investigation.

Administration of Vitamin C with or without iron caused
significant elevations in leucocyte ascorbic acid concentrations
in both sexes within one week. These concentrations diminished
in both sexes during the sixth week. Additional iron in the males
caused a progressive reduction in the ascorbic acid concentrations.
In the females it was associated with a reduction and subsequent
increase in ascorbic acid concentrations. Iron therefore creates
a greater demand for Vitamin C in elderly females. In the males,
jron alone, and iron with Vitamin C, caused elevations in the
haemoglobin during the trial period. In the females all three types
of medication caused an elevation in haemoglobin levels but the most
consistent and uniform rise occurred in the group receiving iron
with Vitamin C.

In both sexes, changes in ascorbic acid metabolism preceded
or were concomitant with, changes in haemoglobin formation. A
significant degree of haemopoietic instability developed in the males
during the sixth week and in the females during the eighth week of
supplementation. Supplementation with iron and Vitamin C together
in males can produce a new improved and stable relationship between
ascorbic acid and haemoglobin in ten weeks. Daily supplements of
iron and Vitamin C together, while able to produce raised haemoglobin
levels in females, do mot result in an improved and stable
relationship between these elements in the blood within fourteen
weeks.

DECEMBER 1971 VOL. 4 NO. 6 3n

~ 041



o I S —————— =

NUTRITION REPORTS INTERNATIONAL -

INTRODUCTION

The assumption is gemerally made that deficiency of iron intake

among normal subjects 1limits the attaimment of am optimal haemo-

globin level (1). However there is evidence that Vitamin C can alter
iron absorption (2), affect its transport (3), and performs a function
in its tissue release (4). Dietary intake of Vitamin C in the elderly
js often low (5-8) and it seems possible that the hitherto unexplained

vapiability in the response of anaemic and elderly people to iron

administration, and often reported failure of success with iron therapy
(1) could be attributable to an underlying Vitamin C deficiency which
limits optimal haemoglobin formation. The effect produced by combined
therapy with Vitamin C and jron (9) supports the suggestion that such
medication can produce haemopoiesis in anaemic patients. In the present
investigation therefore the response of combined therapy with Vitamin C
and iron in combination has been compared with the effects of adminis-
tration of iron or Vitamin C individually during a fourteen week period

in healthy elderly subjects.
METHODS

The geriatric subjects (M2) were drawn from the wing of a large

hospital in Dublin (Table 1). They had all been in hospital for at

TABLE 1

NUMBERS AND AGES OF SUBJECTS (M2) IN THE MALE AND FEMALE
GROUPS . DAILY SUPPLEMENTATION WITH IRON AND VITAMIN C
TO EACH GROUP

73

73

GROUP NUMBERS OF SUBJECTS . MEAN AGES
Male Females Male Females
Fe Ferrogradumet
105 mg Slow Release lron 7 8 68
c Vitamin.C
500 mg ascorbic acid 5 8 79

FeC Ferrograd C
105 mg Fe + 500 mg Vit C 5 i 68

75

least three months. Hospital records showed that haemoglobin levels

had remained stable during this period in conparison with

those found at

the beginning of the investigation. The old people were healthy and

pormal for their age but were not able to take care of themselves
adequately at home. They cared for themselves in hospital but al

1 their
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meals were supplied through the hospital kitchen. The content of the
diets supplied through the kitchen did not vary during the course of
the investigation. Particular attention was directed towards the
possibility of temporary variation in the dietary intake of

individuals during the period of the trial. Individual dietary
variation was not observed at any time. There was no alteration in
environmental conditions or routine of the subjects during the trial,
apart from differences in the types of drug therapy administered to
the groups, which might have given rise to any abnormal stress. The
subjects were selected for the investigation during September 1969

and divided into three groups of males and females, each group
containing 15 subjects. They received a supply of tablets every
fortnight and ward orderlies ensured that the medication was taken daily.
Two groups, one from each sex (C groups), received Vitamin C tablets
(Abbott) containing 500 mg ascorbic acid daily; two groups (Fe groups)
each received a Ferrogradumet tablet (Abbott) daily, containing 525 mg
ferrcus sulphate in slow-release form equivalent to 105 mg of elemental
iron; and the last two groups (FeC groups) each received a tablet of
Ferrograd C (Abbott) daily, containing 525 mg ferrous sulphate in slow-
release form, together with 500 mg ascorbic acid. Administration of
the tablets commenced at the beginning of October after control samples
of blood had been removed for analysis between 0930 hours and 1200 hours
during the last week of September. The investigation was stopped in
the middle of January, 1970, when all the subjects had received
medication for fourteen weeks. During the course of the trial a number
of subjects dropped out or were excluded for various reasons. Only
subjects who had completed the whole trial were included in the final
results.

Leucocyte ascorbic acid concentrations were estimated by the
method of Denson and Bowers (10) using a Coulter Counter for the
leucocyte counts. Leucocyte counts and ascorbic acid estimations were
carried out in duplicate. Good correlation was obtained between the
duplicates (11). Ope ml. of blood was placed in a sequestrene tube for
haemoglobin estimations by the oxyhaemoglobin method using a Beckman
spectrophotometer (12).

RESULTS

Haemoglobin levels, and leucocyte ascorbic acid concentraticns,
were measured at one week, and later at two week intervals. Individual
values for each period and overall means and standard deviations through-
out the period of supplementation are shown for the leucocyte ascorbic
acid concentrations and haemoglobin levels in Table 2.

Leucocyte Ascorbic Acid Concentrations

Supplementary Vitamin C daily, with or without iron, caused a
significant elevation in leucocyte ascorbic acid concentrations at the
end of the first week of administration in both sexes. The mean value
for the ascorbic acid concentrations during the entire period of
supplementation was greatest in the female C group, and least in the
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HAEMOGLOBIN LEVELS AND LEUCOCYTE ASCORBIC ACID CONCENTRATIONS

TABLE II

Aol RN

IN THE DIFFERENT GROUPS DURING THE COURSE OF THE TRIAL.
LEUCOCYTE ASCORBIC ACID
CONCENTRATION: ug/108 CELLS

HAEMOGLOBIN: g/100 ml BLOOD.

Fe Group

MALES

C Group

FeC Group

Week Haemoglobin Leuc.AA Haemoglobin Leuc.AA Haemoglobin Leuc.AA

® & & v = O

10
14

14.7%1.6
1.3%1.9
w.9¥1.0
15.0%1.3
15.4%2.1
15.171.2
15.3%2.0
15.8%1.2

26.0%17.1 15.2%1.7
27.1%16.1 au.3%.9
25.577.1  15.3%1.5
23.8¥5.8  au.9%1.5
22.8%12.0 15.3%1.3
22.6¥6.8  14.8%0.8
23.8%s.0 1u.7%1.0

21.8¥3.7 1s.3%1.0:

24.6711.7
40.1%19.8
43.6%8.2
39.1%3.5
31.037.6
450.3%9.8
45.0%13.0
47.0%1.9

w.2t1.0 21.5%11.8
w.3%0.7 3u.6t15.0
1v.9%0.8 us.3t1u.9
w.e¥1.1 wo.te.s
16.5%2.4 37.8%11.3
15.2%0.7 uo.8¥15.4
15.3%1.0 39.8%16.8
15.571.2 *41.6720.3

Mean
1-14

15.0%1 .5

24.3%10.8 15.0%1.2

38.6%112.2

15.3%1.3 37.5%14.2

w & £ N O

10
14

13.4%1.3
13.5%0.6
s.u¥1.0
1.4¥0.y
15.2%0.8
15.7%1.4
14.2%0.7
15.2%1.4

FEMALE

a.1%9.3  13.h0
23.3%.2  13.5%0.7
29.0%9.5 13.4%1.4
22.837.s  au.1to.90
15.0%6.1  1u.0%0.7
20.8%6.2  1u.671.4
21.4¥8.5  13.7%1.4
32.0tou.0 14.3%.2

25.4713.8
u9.5%10.8
45.6%17.3
ay.639.1

a7.u¥13.4
us.9%9.0

50.8%11.3
49.9%18.6

13.8%0.9 21.9t11.5
w.0t1.6 u1.4¥8.7
w.at.0 wafen
w5714 40.0%6.5
1w.1%0.u 32.8%5.3
w.7%.2 32.9%80
w.4}0.7 36.6%3.5
15.3%1.7 au.9%e.8

Mean
1-14

1,.u%1.2

23.5%11.0 13.9%1.1

43.2%14.9

w.3%1.2 35.2%10.8
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female FeC group. The difference between these values was statis-
tically significant (p<0.05). The overall ascorbic acid values
for the two male groups were similar, and lay between those for the
two female groups (Table 2).

Leucocyte ascorbic acid concentrations fluctuated throughout
the course of the trial showing an initial rise during the first and
second weeks of administration in all the groups (Fig.l). The male
FeC group had the largest, and the male Fe group had very small peaks.
Ascorbic acid concentrations suddenly fell during the sixth week in
all except the male Fe group in which there was a general tendency
to decline throughout the trial. The extent of this fall, and the
rate of recovery, were characteristically different in the other five
groups. The fall was least in the male FeC group. 1Its ascorbic acid
then rose during the eighth week to a concentretion which was
maintained during the remainder of the trial. The fall was greatest
in the males receiving Vitamin C alone. The concentration did not
attain the original peak value again until the end of the trial in
this group. The final concentrations in the two male groups were
similar at the end of the trial., The female FeC group never recovered
from the fall in ascorbic acid concentrations which occurred during
the sixth week (Fig. 1b). However, ascorbic acid concentrations
resumed their initial peak values after four weeks in the C group.
These values were then consistently maintained. The female group
which received iron alone showed comparable fluctuations in ascorbic
acid concentrations to the other two female groups though the absolute
ascorbic acid concentrations were consistently lower throughout the
course of the trial. Complete recovery from the fall in the sixth week
was delayed for eight weecks in this group. However the ascorbic acid
concentration finally did exceed the initial peak which had occurred
during the second week.

Haemopglobin Levels

At the end of fourteen weeks, supplementation resulted in an overall
mean elevation of the haemoglobin in all groups except the males who
received Vitamin C alone (Table 2). During the course of the trial
haemoglobin levels fluctuated considerably (Fig. 2). The two
male groups receiving iron, or Vitamin C alone, showed a fall in
haemoglobin level during the first week (Fig. 2a). The
haemoglobin rose fairly consistently during the first four weeks
of the trial only in the male FeC group. All the male groups
showed peak hacmoglobin concentraticns during the sixth week.

During the following two weeks the hacmoglobin level fell
significantly in the FeC group. Thereafter the haemoglobin
increased during the remainder of the trial in this group. In the
other two male groups the peak elevation was considerably less
during the sixth week. The Fe group showed a consistent increase
from the eighth to the fourteenth weeks of the trial so that a
rise in haemoglobin level was evident in this group at the end

of the trial. Throughout the course of the trial haemoglobin
levels merely fluctuated round the initial pre-supplementation
value in the C group.

DECEMBER 1971 VOL. 1 NO. 6 , 375
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FIG 2a MALES
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Figure 2a. Per cent initial haemoglobin levels for the groups receiving iron
alone (e group e-e), Vitamin C alone {C group x-x) and iron with
Vitamin C in combination {FeC group o-o0}.

Haemoglobin rose to a peak level in all the female groups
during the eighth week of the trial (Fig. 2b). Up to the eighth
week the rise in haemoglobin level was fastest and most consistent
in the Fe group. The groups receiving Vitamin C alone, or Vitemin C
with iron, showed small falls in haemoglobin levels during the
sixth week before reaching their peak levels in the eighth week.
All the groups exhibited a sharp fall in haemoglobin levels during
the tenth week. This was followed by a consistent and almost
parallel rise during the last two weeks of the trial so that
haemoglobin levels were similar in all the female groups at the end
of the fourteenth week. During the course of the trial the FeC
group manifested the most regular increase, and the Fe group showed
the widest fluctuations in haemoglobin levels.
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_FIG_2b FEMALES__
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Figure 2b. Per cent initial haemoglobin levels for the groups receiving iron
alone (Fe group e-e), Vitamin C alone (G aroup x-x) and iron with
Vitamin C in combination (FeC group o-o).

DISCUSSION

Administration of 500 mg of Vitamin € daily with or without iron
caused a significant elevation in leucocyte ascorbic acid concentra-
tions in both sexes within one week. The mean values for the
ascorbic acid concentrations during the period of Vitamin € supplemen-
tation were significantly elevated in all four groups. In the two
male groups the mean values for the ascorbic acid were similar.

Among the males therefore additional supplementation with iron did
pot influence the overall ascorbic acid concentrations in the
leucocytes. However, the overall ascorbic acid concentrations in the
two female groups were significantly different during the period of
supplementation. The females receiving supplementary iron with the
Vitamin C had the lower leucocyte ascorbic acid concentrations.
There was no significant difference between the overall ascorbic acid
concentrations in the males and females who did not receive iron.

It can therefore be concluded that administration of iron results in
a greater demand for Vitamin € in elderly females than in elderly
males.

378 DECEMBER 1971 VOL. 4 NO. 6
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In both sexes leucocyte ascorbic acid reached a peak concen-
tration during the first and second week with all forms of
supplementation. The demand for ascorbic acid became evident six
weeks after commencing each type of supplementation except in the
case of the males receiving iron alone. The heights of the peaks,
and the extents and rates at which the demands for ascorbic acid
were satisfied, demonstrate the difference between the sexes in
ascorbic acid saturation and metabolism, and illustrate the
important interdependence of iron and Vitamin C for haemoglobin
formation in apparently healthy elderly people. These observa.
tions can be explained on the assumption that iron administered
by mouth, after absorption in the presence of alimentary ascorbic
acid, is used normally by the marrow, but that ascorbic acid is
necessary for the mobilisation of iron from the tissues (13).
Among the males the ascorbic acid peak was greatest and the
demand for ascorbic acid was least in the FeC group. In this
group, therefore, the demand for ascorbic acid for the absorption,
and mobilisation and use, of iron for haemoglobin formation, was
relatively small. In consequence the initial peak was iargest
in this group and saturation of body stores with ascorbic acid
was achieved relatively quickly and easily. In the group
receiving Vitamin C alone, the peak was smaller and the demand
for Vitamin C was larger. This is understandable because ascorbic
acid was in constant demand for absorption, mobilisation, and use
of all available iron in this growp. Saturation of body stores
was achieved temporarily at the beginning of the trial, and again
at the end of the trial. In the group receiving iron alone,
.ascorbic acid was in constant and critical demand. The leucocyte
concentrations at the beginning of the trial progressively decreased,
and haemoglobin fommation was relatively slow. In this male group
alone no supply of ascorbic acid was available to meet the demand
at six weeks.

Haemoglobin formation and disappearance differed between the
sexes in response to the supplementation. Among the males thé absence
of a fall in haemoglobin level during the first week in the FeC group,
and its presence in the other two groups, indicates the necessity
of iron and Vitamin C in order to prevent a reduction in haenoglobin
level when the stable haemopojetic state is initially being altered.

A similar fall in haemoglobin level has been reported during the first
week in patients receiving total dose iron infustions with iron
dextran (14)., A reduction in haemoglobin level has also been demons-
trated during the fourth week in patients receiving daily ferrous
sulpbate therapy (15). This did not occur in the patients receiving
ferrous carbonate with ascorbic acid. These ohservations suppert

the present findings. They indicate the necessity for combined
therapy with iron and Vitamin C in order to produce a consistent and
uniform increase in haemopojesis. The increase in haemoglobin during
the sixth week, which was greatest in the FeC group, suggests that a
haemopojetic surplus cccurred during the sixth week. Haemopoiesis
suddenly stopped when the ascorbic acid was 91% in the Fe group, 122%
in the C group, and 176% in the FeC group, of the initial male values.
The surplus was dependent on the availability of iron and Vitamin C
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together, but the Fe group never subsequently exceeded an ascorbic
acid percentage of 91%, whereas the percentage in the C group
progressively increased from the eighth week onwards. The FeC group
maintained a stable ascorbic acid value of about 190% of the initia)
stable concentration, and resumed normal haemoglobin formation.
Haemopoiesis did not occur in the C group because adequate iron was
not available to enable haemopoiesis to take place in the presénce of
the excess ascorbic acid. Throughout the trial haemopoiesis was
greatest and most consistent in the FeC group because iron and Vitamip c
were available in adequate quantities to ensure controlled haefoglobin
formation.

Among the females a small reduction in leucocyte ascorbic acid
appeared during the first week in the Fe group. The ascorbic acid
concentration increased during the second week as available ascorbic
acid was mobilised from body stores and passed into the labile ascorbic
acid stores in the leucocytes (16). The available ascorbic acid in
the blood diminished after the second week as metabolic requirements
for Vitamin C increased in response to the continued iron stress. The
rise in blood ascorbic acid concentrations occurred at the same time
in the women as the comparable increase takes place in female guinea~
pigs on a scorbutogenic diet (17). The lowest value for the leucocyte
ascorbic acid, namely 62% of the initial value, was attained in the
women approximately two weeks later than the lowest levels for plasma
ascorbic acid are attained by female guinea-pigs surviving a
scorbutogenic diet. As in the surviving female guinea-pigs in which
a readjustment of ascorbic acid metabolism takes place in response to
the stress of the scorbutogenic diet, an increase in leucocyte ascorbic
acid concentrations occurred in the women in response to the metabolic
requirements for ascorbic acid induced by the iron administration. Two
weeks after this metabolic readjustment began to occur in the women,

a haemopoietic surplus appeared, and haemoglobin synthesis became
temporarily arrested. In the FeC and C groups qualitatively
similar changes in leucocyte ascorbic acid appeared during the
first six weeks to those observed in the Fe group. However the
metabolic readjustment in the FeC group was made less apparent

by the presence of the exogenous Vitamin C. The most continucus
and regular haemopoiesis took place in this group in consequence
of the combined effect of the exogenous Vitamin C and the metabolic
readjustment of ascorbic acid metabolism induced by the iron stress.
A limited increase in haemopoiesis occurred in the C group between
the first and second weeks when the ascorbic acid was being used

to mobilise tissue iroun for haemoglobin synthesis (13). The
metabolic readjustment of ascorbic acid metabolism followed at the
end of the sixth week, accounting for the increase in leucocyte
ascorbic acid concentrations between the sixth and tenth weeks.
Further haemoglobin synthesis was then limited in comparison with
that which occurred in the FeC group, owing to lack of available
iron.

The sex related difference in the utilisation of Vitamin C
in humans provides the explanation for the different responses of
the sexes to supplementation (16). This can be analysed by relating
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paemoglobin levels and ascorbic acid concentrations. The males were
able to carry cut adequate haemopoiesis when they were receiving the
full supplement of 105 mg of iron and 500 mg of Vitamin C daily.

Lack of either of these haemopoietic factors prevented a complete
haemopoietic response in males and resulted in the development of

an unstable haemopoietic state and interference with optimal
haemoglobin formation (18). Females, in contrast to males, have

some capacity to compensate for lack of exogenous Vitamin C during
jron therapy by making adjustments in their ascorbic acid metabolism
at the end of the sixth week. Administration of iron alone necessitates
a more radical readjustment than is required when exogenous Vitamin C
is administered with the iron. The haemopoietic response is limited
when Vitamin C alone is administered because of lack of easily
available iron after the second week. Administration of iron and
Vitamin C simultaneously in a ratio of X to § enables females to make
a progressive haemopoietic response. However this combination does
pot relieve them of the necessity to carry out some metabolic readjust-
ment of their ascorbic acid metabolism at the end of the sixth week.
Measurement of the response of the red blood cells alone does not
provide adequate information about the state of haemopoietic stability
ip an individual during administration of iron therapy (16).
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Reduced platelet adhesiveness in two
paticnts with scurvy was rapidly corrected
by administration of ascorbic acid. Ascorbic-acid assays
demonstrated that normal platelets contain rclatively
large amounts of ascorbic acid and it is suggested that the
defect in platelet adhesiveness may be a factor in the poorly
understood hamostatic defect in human scurvy.

Summary

Intreduction
WE have measured platelet adhesiveness in response to
treatment with ascorbic acid in two patients with scurvy.

Methods

Platelet adhesiveness was estimated by the Hellem technique
(Hellem 1960) as modificd by Hirsh ¢t 2l. (1966). Columns,
6 cm. long, contzining 2'5 g. Ballotini glass beads 0-57 mm.
diameter, were prepared; the main body of the colunm was
constructed of transparent vinyl plastic (‘Portex’ code no.
NT/13, Portland Plastics Limited, Kent), the end-picces
being constructed of ‘Lsco’ translucent silicone tubing
(3 mm, bore, 2 mm. wall). Blood was collected by clcan
venepuncture using & plastic disposable syringe. For platclet
studies siliconised glasswarc was used throughout. 9 ml. of
‘blood were addcd to 1 ml. of 3-89 sodium citrate which was
allowed to stand at leest 30 minutes but not more than 45
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minutes hd'c:e platelet adhesivencss was assayed. 2 ml
disposable syringes (* Plastipak ’, Becton Dickinson & Co.,
Ircland) were filled with biood and artached 10 the Heliem
oohmnns, and blood was forced throngh by means of an

" electrically driven pump. The time tken for the leading edge

of the blood %o traverse the whole length of the column
of beads was measured. Resulis varying by more than =1

. second from 3 mean mransit-time cf 30 seconds were discarded.

“The blood issuing from all columns was collected in separate
polystyrene tubes. Platelet-counts were carried out in duplicate

"om blood before and after transmission through the glass bead

oonuna.

White-cell counts were carmed out using 2°. acetic acid &3
dituent (Dacie 1956). Platelet-counts were performed accord-
ing to the method of Dacie (1956), using formol citrate as the
diluting agent.

Asco; bic acid was assaved by 2 modidcation of the method of
Denson snd Bowers (1961). 3 ml. of blood was added 10 each
of four tubses contsining 12-4 mi. of diluting fiuid-——specimens
1-4. Specimens 1 and 2 stood for 30 minutes 2t Toom rem-
perature, red cells beirg settled by gravitation and 10 ml of
supernaiant being separzied from each tube; specimens 1 and 2

YAELE }—CASE 11 PLATELFT-COUNT, PLATELET ADHESIVEXESS, PACKED-
CFI1 VOLUME

e cout Pliateie: ! '
Day ,E‘;‘; i, aibe(si"\“c:.:&s PV (%)
e |
Bglore treazment: !
1 . . - 253 136 34
3. .. . .- 231 12¢ e
After trecunent soith
ascorbic acid staried:
3. . - .. 229 354 1 35
8.. .- .. .e ' 182 503 36
14 .. .. .. 220 607 ! 37
16 e 214 . 619 R ¢/
29 .. .- .- 181 702 42

contained plasma, white blood-cells and plateleis. Specimens
3 and 4 stood for 25 minutes at ro0m temperature, centrifuga-
tion at 70 g for 5 minutes, 10 ml. of supernatant being
separated from cach tube; specimens 3 and 4 contzined plasma
and plutclets. White-cell counts :nd pletclet-counts voere
carried out on specimens 1-4. The platelet-counts in specimens
1 and 2 were similar to those in specimens 3 and 4. The white-
cell counts on specimens 3 and 4 as compared with those on
specimens 1 and 2 revealed that over 90“, of the white cells
were removed by the centrifupation. All four spccimens
were then spun at 1600 g for 30 minutes; the four peliets were
oollected, and ascorbic-acid assays were performed on speci-
mens 1 and 2 (white blood-cells plus platelets) and on specimens
3 and 4 (platelets). Ascorbic-acid assays werce carricd out on
plasma from specimens 3 and 4 after high-speed centrifugation;
this thercfore was a mcasure of the ascorbic-acid content of the
plasma. The details of the preparation of the white-blood-cell
platelet pellets differs from that in the method of Denson and
Bowers (1901), but the subsequent details were as described by
them. The assays were therefore a measure of the content of
ascorbic acid in: (1) white blood-cells and platelots; (2)
platelets; and (3) plasma (from whicls white blood-cells and
plateicts have been removed). Knowing the white-blood-cell
count and platelct-count, the asco:bic-acid content could be
expressed 25 ug. per 10* platelets, ug. per 10° leucocytes, or
pg. per ml. plasma.
Czse-reports and Results
FIRST CASE
A 55-year-old man admitted to hospital with a history
of relatively minor injury to his right leg 2 wecks pre-
viously, this being followed by extensive bruising. A few
dzys afier the injury and bruising of the right leg, spon-
ranzous bruising of the left leg developed. His diet
consisted of white bread, tea, sasdines, an occasional slice
of meai, and an occasional egg. He distiked fruit and

—

vcgeubksandhndnotatmanyoftbaefornkmz
years. Therc was no preceding history of a tendency 1,
bruise easily or to bleed excessively. On examination, he
had the clinical features of scurvy on the lower limbs wig
extensive bruising and purpura. Some of the purpyg,
spots were perifollicular in distribution and there ey,
hyperkeratotic hair follicles, The patient was edentulgy,
and there were no gum changes. There was no doupy
clinically that this patient had scurvy.

Platelet adhesiveness was abnormally low (table 1 Ty,
pgticnt was maintained on a bospital diet for 2
without ascorbic-acid supplement. A second g4
sample was then obtained which showed adhesi. -neg;
essentially unchanged. Ascorbic acid was then adinjs.
tered in a dosage of 700 mg. per day. No new scost e
lesions developed thereafter and the existing manite atiung
disappeared - rapidly. As shown in table 1, afi . th,
administration of ascorbic acid, platelet adhesiiengg
rapidly increased to a high level, 2t which it was main:imed
Throughout the period of study the platelet-count T
mained relatively constant. The packed-cell voluime wag
constant at 342, throughout the first 13 days of the study,
though thereafter it rose. The risein platelet adhesivenes
occurred before the rise in packed-cell volume.

Other investigations giving normal results included
blood-urea and serum-elecirolytes, liver-function tests,
serum-vitamin-B,, assay, serum-iron and total irop.
binding capacity. The serum-folate was low (3-3 pg,
per mb.).

SECOND CASE

A 6l-year-old woman admitted with a history of
weakness and general malaise, pyrexia, and weight loss,
For some weeks she had had an aching pain in the anterior
aspect of her legs of sufficient severity to make walking
difiicult. The petient hzd been on a very poor diet; in
particular she had been taking no fruit, no potatoes, and
no other vegetables. There had been very little intake of
meat and the main component of ber diet had been milk
puddings. On physical examination, there vas pallor and
obvious weight loss. There was hypertrophic gingivitis
and extensive spontaneous bruising of the anterior aspedt
of her legs. Her hamoglobin on admission was 6-1 g. per
100 ml. and sternal marrow revealed megaloblastic
erythropoiesis. The serum-vitamin-B,, was normal &
258 pg. per ml, but the serum-folate was low at 2 ng.
per ml.

On the history and physical findings a diagnosis of
scurvy was justified. This was confirmed by the ascorbit-
acid assays shown in table .

The patient’s previous history included treatmesnt for
schizophrenia for 2 years as an inpatient in a mentdl
hospital about 14 years before her present admission; #
the time of the admission with scurvy there were no
psychotic symptoms though there were minor abnormat
lies of mood. A dietician estimated that the ascorbic-acid
content of her diet before admission was 12 mg. per day
as compared with a normal of 70 mg. per day; the folic-
acid content of her pre-admission diet was estimated &
7 mg. per day as compared with 2 normal of over 20 mé:
per day. ]

Treatment in hospital consisted initially of ascorbl:
acid 1 g. per day and a normal hospital diet. Only after?
month was folic acid (10 mg. per day) added to the theraf¥:

As shown in table 11 the patient’s platelet adhesiventst
to glass was found to be abnormally low. Table 1 also
shows ascorbic-acid assays, demonstrating  that ¢
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Summary Requced .pIatclet adhesivepess in two

paticnts with scurvy was rapidly corrected

by administration of ascorbic acid, Ascorbic-acid assays

demonstrared that normal platelets contain relatively

large amounts of ascorbic acid and it jg suggested that the

defect in plarelet adhesiveness may be a factor in the poorly
understood hemostatic defect in human scurvy,

Introduction
WE have measured platelet adhesiveness in response 1o
treatment with ascorbic acid in two paticnts with scurvy,

Methods

Platclet adhesivencss was estimated by the Hellem technique
(Hellem 1960) as modified by Hirsh et al, (1966). Columns,
6 cm, long, containing 2-5 8. Ballotini glagg beads 0-57 mm,
diameter, were prepared; the main body of the column was
constructed of transparent viny} plastic (‘Portex * code no,
NT/13, Poruand Plastics Limited, Kent), the end-pieces
being constructed of “Fsco? trenslucent  silicone tubing
(3 nm, bore, 2 mm. wall). Blood was collected by clean
vencpuncture using a plastic disposable syringe. For platelet
studies siliconised glassware was ysed throughout, 9 py, of
blood were addcd to I ml of 3:8% sodium ciirate which was
allowed to stand gt Ieast 30 1ninytes but not more than 45
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" TABLE II——CASE 2: PLATELET-COUNT, PLATELET ADHESIVENESS, PACKED~CELL VOLUME, AND ASCORBIC-ACID ASSAYS

Ascorbic-acid assay in:

Platelet
Day (r;:t'::;c;‘::') adhesiveness | p.c.v. (%) Platelets Leucocytes r Plasma
per e.mm. (%) (1. per 10* celll)l(ug. per 10° cells)] (ug. per ml.)
—— ———— — ] — Y
Before treatment : e 416 166 e 0 16:06
After ireatment with ascorbic acid sarted: ! !' i
oo 324 3 | | 465 | 5992 ‘ 00533
4 . .. . .. .e . .. . 283 357 | 26 ' 362:00 58-58 ’ 0-1098
9 . .. .e . .. .. . .. 200 475 29 112:80 5370 01111
12 . . .. ‘e ‘. .. . .. 201 495 32 ! 272-40 35-40 00676
18 . .o .. . . .o ‘e .. 217 486 .. ; 142-40 3060 0-1610
26 .e . . . .. . . .. 212 ’ 0-0711

51-2 37 ’ 141-83 3868

patient’s platelets seemed 1o be totally deficient in
ascorbic acid, as was her plasma, while the leucocytes
contained only 16-06 H8. per 10° cells. At the time of this
assay the patient had been in hospital for 6 days, bcing
given no therapy other than a normal hospital diet; in fact,
she took very little of the food offered to her. She was
then treated with ascorbic acid 1 g. per day. The results
of the assays on the subsequent samples obtained are
shown in table 11. Platelet adhesiveness increased sig-
nificantly (see figure) after administration of ascorbic acid.
The distribution of ascorbic acid between the platelets and
the leucocytes showed a surprising pattern. While both
platelet and leucocyie content of ascorbic acid increased
the platelet level rose to over 300-fold the initial pretreat-
ment value, whereas the increase in leucocyte level was
only in the order of 4-fold (table n, figure ). Thesc high
levels were not maintained throughout the period of
im'estigation, but the levels seemed to fall to an equilibrium
Position in which each platelet possessed four times more
ascorbic acid than did the individual leucocyte. After an
initial small fall in platc!et-coum, this remained fairly
nstant. During the early stages of trearment the
packed-cell volume remained fairly constant, an increasc
only being obseived towards the end of the investigation,
After administration of ascorhic acid there was a rise in
lelicu]ocyte-count to 279;,.

Because of the unexpected distribution of ascorbijce acid
ttween the platelets and leucocytes which was observed
with the above patient, ascorbic-acid assays were performed
on blood obtained from 8 healthy adults in approximately

€ samc age-group as the patient. The results are pre-
Sented in table 111, It seems that the major portion of the
#scorbic acid in the bufly coat is in the platelets,

Discussion

Probab]y the first description of human scurvy was by
Le Sicur de Joinville describing the crusade of St. Louis
M Ezvpt in 1260. There followed two centuries later the
%scription of sea scurvy in Vasco da Gama’s expedition
™ 1497 round the Cape of Good Hope to India (Davis
950). Although this acquired hzemorrhagic disease has

— TALLE I—~ASCORBIC-ACID ASSAYS ON 8 HEALTHY CONTROLS

Ascorbic acid Level (ug. per
e, (iug. per 10° cells) in: 100 mL) in platelet-

Corseol no, . 1 poor and leucocyte-
~— -Nimclr}u __-l:fucacylc:, Mioor plas_mn ]

i 606 8.5 °

2 . 52-3 48 0

3 . 243 29 0

N ] B1e 6.0 00154

s 150.5 25 o

s 1228 32 0

T %6 09 o

80 %9 56 °

Meay (4 3p,) B5.8(4: 40-1) €3 (4 29)

been recognised for at least seven centuries, and despite
the cxplosive interest in hamostasis and hamostatic
failure during the past 25 years, there have been very few
reports of demonstrable laboratory abnormalities jn
human scurvy. We describe here a newly defined
abnormality, decreased platclet adhesiveness to glass, in
two patients with scurvy; this abnormality is rapidly
corrected by the administration of ascorbic acid. It
remains to be established whether this is a constant
finding in all patients with scurvy.

Previous Iaboratory studics in human scurvy have been
essentially negative. A detailed study of the coagulation
mechanism in human scurvy using modern methods has
been reported by Hart ct al. (1964). All the standard
tests of coagulation, including glass activation, gave results
which were not abnormal. (One of the patients studied
by Hart et al. [1964] had a one-stage test which was 3
seconds longer than the control; this is of doubtful
significance.) The platelet-count has generally been
reported to be normal. The tourniquet test is usually
positive, but may be negative (Hart et al. 1964). Hart ct al.
(19641), on the basis of cxamination of blood-films,
reported platelet morphology and adhesiveness to be
normal, but this represents a very incomplete assessment

by | Treatment -
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Y
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W
I~
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Case 2: changes in platelet adhesivencss and sscorbic-scid content
in platelets and white cells during @scorbic-acid therapy.
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of platelet adhesiveness. They found the bleeding-time to
be slightly prolonged.

. The only report in any detail on the platelets in human
¢ scurvy is that of Cetingil ct al. (1958), who reported,
-3 without giving full technical details, that platelets from a
" patient with scurvy showed decreased or absent agglutina-

tion and adhcsiveness when observed by phase-contrast
microscopy, and that this abnormality was no longer
present on the 10th day after starting treatment with
ascorbic acid. They also reported that platelets from
patients with scurvy behave abnormally in the thrombo-
plastin-generation test. In a limited similar study of
another group of patients with scurvy one of us (A. S. D.)
has not been able to confinn this point, and Hart et al.
(1964) also found normal results with scorbutic human
platelets in the thromboplastin-generation test.

It is customary to estimate ascorbic acid in the buffy
coat, which is a mixture of platelets and white cells. The
finding of decreased platelet adhesiveness focused atten-
tion of the relative ascorbic-acid content of platelets and
white cells. The differential estimation of ascorbic acid in
platelcts and white cells revealed that the platelets
accounted for a large proportion of the ascorbic-acid
content of the buffy coat. Since the biochemical estima-
tion of ascorbic acid as used by us probably has a large
random variation, and since there are inevitable errors in
counting of platelets and white cells, and the homogenisa-
tion technique is probably short of ideal, assays must be
regarded as approximate. However, the differences
between white cell and platelet ascorbic-acid levels are so
large that the main conclusions regarding distribution of
ascorbic acid between platelets and white cells are likely
to be valid. The high ascorbic-acid content of human
platclets has been previously reported by Barkham and
Howard (1958) and by Lloyd et al. (1966). Subsequent
to starting therapy in case 2 the ascorbic-acid content of
the leucocytes increased tenfold over the mean control
value. No final explanation for this is offcred; however,
during the course of therapy, with this patient, ascorbic
acid was detectable in the cell-free plasma, a finding not
observed in the control series, and it may be that in the
presence of excess ascorbic acid, white cells, and platelets,
may be able to absorb and cancentrate ascorbic acid.

Hirsh et al. (1966) have shown that platelet adhesiveness
is directly proportional to the hamatocrit (packed-cell
volume). We did not consider it necessary to correct for
change in hamatocrit value since in the initial stages of
the investigation in which platelct adhesiveness was rising,
the packed-cell volume remained relatively constant.

Both patients had folate deficiency and one had a frankly
megaloblastic anamia. Folic-acid deficiency, rather than
ascorbic-acid deficiency, may have been responsible for
the change in platelet adhesiveness, We investigated two
cases of severe megaloblastic anemia with folate deficiency
—one patient had a megaloblastic anzemia of the puer-
perium and the other patient had anazmia due to
the administration of anticonvulsant drugs. The platelet
adhesiveness was normal, as were the levels of ascorbic
acid in the platelets and white cells.

Our findings were in human scurvy., Important
observations have been made in experimental scurvy;
decreased platelet adhesiveness in the rotating-bulb
method in guincapigs has been reported (Born et al. 1966,
Born and Wright 1967). Although Flute and Howard
(1959) have shown the plasma of scorbutic guincapigs has
a defect of the earliest stages of blood cozgulation (i.e., in

contact activation) this has not been confirmed in ¢,
naturally occurring disease (Hart et al 1964). It may p,
that experimental scurvy in guineapigs differs in som,
fundamental way from thc human disease.

We thank Prof. E. M. McGirr for his interest in this work ang the
Medical Research Council for financial support; Dr. G. A, McDong), d
and Dr. J. F. Davidson for help and for hzmatological da:; and
Dr. E. G. Oastler for permission to investigate case 2. The elecirical
driven pump was provided by Glaxo Laboratories Ltd. 4

Requests for reprints should be addressed to A. 8. D,
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VITAMIN C NUTRITION OF ISRAELI INFANTS

AN

S. T. WINTER, M.B.E,, M.B., D.C.H, S. MUAMMAR, M.D. and J. BOXER, M.Se,

Department of Pediatrics and the Sol Gold Laboratory, Rothschild Municipal Hospital, Haifa, i)

ABSTRACT

Estimation of the vitamin C concentration of breast milk of 64 lying-in mothers
showed an average of 6.94 mg/100 ml in May and 4.90 mg/100 ml in November
(before the winter citrus season). Five of the 64 specimens showed values below
3 mg/100 ml.
The intradermal dye test for vitamin C was performed on 98 village infants on
various diets. Infants receiving cow’s milk alone showed a significantly longer
' duration of the dye than breast-fed infants, breast-fed infants receiving fruit
juice and infants receiving cow’s milk plus fruit juice. The results suggest that the
giving of fruit juice to breast-fed infants did not improve their vitamin C status.
Public health policy may recommend that mothers who breast-feed their infants
and have an adequate vitamin C intake do not need to give their infants vitamin

C supplements,

The question of prescribing a vitamin C sup-
plement for breast-fed infants in Israel re-
quired clarification since breast feeding is
common in Israel (1) and since there were
no local figures available on the vitamin C
content of breast milk (personal communica-
ticn from K. Guggenheim). Scurvy has been
described here but is very rare. Our study in-
cluded two investigations: A) Determination
of the vitamin C content of breast milk during
the lying-in period. B) The relation of differ-
rent types of infant feeding to the vitamin C
status of infants as determined by the intra-
dermal dye test (2).

INVESTIGATION A VITAMIN C CONTENT OF
BREAST MILK

Specimens of breast milk were obtained from 64
unselected mothers in the lying-in wards of the
Haifa Rothschild Municipal Hospital during the

204

A4
months of May (31 specimens) and November (33
specimens) 1964. The ascorbic acid content of
each specimen was determined by a micromethod
(3). Details of the mothers and the day pos.
partum of obtaining specimens are shown in
Tablc 1.

RESULTS

The vitamin C content of the breast milk
(mg/100 ml) is shown in Table 2. The 3!
specimens obtained during May 1964 showed
an average of 6.94 mg/100 ml with a range
between 3.99 and 11.64 (standard error 1.59).
The 33 specimens obtained during November
1964 showed an average of 4.90 mg/100 ml
(range 1.34 to 9.44; sE 1.79). Pooled standard
2/3 cow’s milk in water with sugar (sterilized
hospital formula) given to neonates was
examined and showed a vitamin C content
of 0.52 mg/100 ml in May and 0.66 mg/100 ml
in November 1964, The difference in ascorbic

058



voL. 2, No. 2, MARCH-APRIL 1966

ViraMiN C NUTRITION OF ISRAELI INFANTS

TABLE ). Details of the 64 mothers (breast milk examinations)

May 1964  November 1964
31 mothers 33 mothers

Ethnic Ashkenazi Jews 18 14
group Sefardi Jews 10 17
Non-Jewish (Arab and Druze) 3 2

Parity Primipara 14 8
: 2 i 12
3 2 8

-~ 4 1 3

6 2 0

9 1 2

Age (years) Under 20 2 2
20 to 29 25 21

3010 39 3 10

Over 40 1 0

Day postpartum:  First 2 0
2 0 1

3 1 14

4 12 12

s 4 2

6 5 2

-7 4 1

8 | |

1 2 0

acid content 'of human milk in May and No-
¥ember is significant (0.001 <P <0.01).
Using the figure of 30 mg as the recom-
mended daily dietary allowance of vitamin C
for infants (4) and the empirical figure of

TABLE 2. Vitamin C content of breast milk
(mg/100 ml) 64 specimens

Vitamin C May November
mg% 1964 1964
1to 1.9 0 2
2t029 0 3
31039 1 4
41049 5 8
5t05.9 0 1
610 6.9 7 7
Tt0 7.9 12 0
810 8.9 5 1
9t09.9 0 1
10 to 10.9 0 0
Hto 119 1 0
Total number
of specimens 31 33
Average vitamin C content 6.94 4.90
Standard error 1.59 1.79

1 liter breast milk intake, a breast milk content
of under 3 mg/100 ml vitamin C represents a
suboptimal value. Five of the 64 specimens
showed such values, all from November 1964,

INVESTIGATION B: VITAMIN C STATUS
OF VILLAGE INFANTS '

Ninety-eight unselected infants aged between six
and ten months from the non-Jewish (Arab and
Druze) villages of Kfar Kana, Masha-ad and
Daliat-El-Carmel were examined during Decem-
ber 1963 and February 1964. The mothers were
interviewed in an attempt to obtain a maximum
of details on their age, health, parity and diet,
as well as on the feeding and general health of
their infants. Although detailed information could
not be elicited it was found that the number of
foods containing vitamin C in these villages was
fimited. All mothers said they ate the available
fruits and green vegetables (citrus, tomatoes,
cabbage and lettuce). The maternal diets ap-
peared to be similar judging from these limited
replies. Following a physical examination of the
infant, 0.075 ml of a 1/1,600 solution of the dye
dichlorophenclindophenol was injected intra-
dermally into the forecarm and the time deter-
mined for the disappearance of the dye (2, 5).

208

9162

059




S. T. WINTIR FT AL.

RESULTS

The 98 infants were classified into four groups
according to the diet received. Since fluid
cow’s milk was unavailable in the villages,
artificial feeding was based on powdered
cow’s milk. Fresh citrus juice or tomato juice
or both were the only available sources of
vitamin C for the infants. Details of the in-
fants, their diet and average time for dis-
appearance of the dye are shown in Table 3.

Analysis of the results of the intradermal
dye test showed: 1) There was no significant
difference in the duration of the dye (time
for disappearance) between the group of
breast-fed infants, the group of breast-fed
infants receiving fruit juice and the ones re-
ceiving cow’s milk plus fruit juice. Fruit juice
apparently did not improve the vitamin C
status of breast-fed infants. 2) Infants receiv-
ing cow’s milk alone showed a significantly
longer duration of dye (i.c. apparently a
poorer vitamin C status) than those in the
other three groups (P=0.05).

“ DISCUSSION

Our study of the vitamin C content of human

milk was limited to lying-in mothers. Opinions
vary on the change in the vitamin C concen-
tration of breast mitk as lactation proceeds
(3, 6), but maturc milk values are usually ob-
tained about the third day of lactation (7).
Thus the concentration of vitamin C in the
mitk of the lying-in mothers studied serves

ISRAEL J, Mip, Sc,

as a guide to the condition later in lactation‘
Since the amount of vitamin C in humg,
milk may vary seasonably in variation With
the amount of the vitamin in the mother
diet, it is understandable that the values in
November, before the citrus season, are lower
than in May, just after the winter citrus g,
son, and that the five mothers with the 1. e
concentration were all tested in Nover. b,
The results of our examinations of k “asy
milk suggest that the amount of vitan. , C
secreted by the large majority of mo: oy
during early lactation is adequate for
infants.

American investigators including Macy g
Kelly (8) found a vitamin C content of hunuyy
colostrum (onc to five days postparum)
ranging between 4.7 and 10.4, with a mean of
7.2 mg{100 ml, and of transitional milk (sj
to ten days postpartum) ranging between 4.5
and 9.0, with a mean of 7.1 mg/100 ml. Frie(.
man and Jolliffe (9) state the average vitamiy
C content of human milk during the early
weeks of lactation to be 5 mg/100 ml. The
vitamin C content of breast milk was foung
to average 2.4 mg/100 ml in India (10), in Eng-
land during the years 1944-45 to range bet-
ween 3.2 and 4.0 mg/100 ml and in Germany
during 1946-47 to range between 3.2 and 4.3
mg/100 ml (11).

Despite the limitations and inaccuracies of
the intradermal dye test (5), the fact that
fruit juice supplements to breast-fed infants

-

TABLE 3. Details of 98 villuge infunts (dye tests)

Average time for

No. of  disappearance of dye

Group no. Diet infants (min) SE
I Breast milk alone 24 18.3 10.6
1 Breast milk
plus fruit juice 42 18.8 8.5
I Cow's milk
plus fruit juice 8 20.7 11.0
v Cow’s milk alone 14 356 14.9
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did not yield results significantly different
from those receiving only breast milk, is
striking. This tentatively suggests that wholly
breast-fed village infants in Israel receive
adequate vitamin C. Thus the two discrete
investigations in this paper both support the
contention that most breast-fed infants in
Isracl do not require extra vitamin C.

Some authors regard the minimum re-
quirement of vitamin C for healthy infants
as 8 to 10 mg per day (12). The exact signifi-
cance of a suboptimal intake is difficult to
assess, but the possibility of important sub-
clinical vitamin C undernutrition must be
considered (13).

Although the vitamin C concentration of
breast milk varics with the mother’s intake,
there is increasing evidence that, in the ab-
sence of an adequate maternal intake, the
mother may enter a negative vitamin C bal-
ance, secreting more vitamin C in her milk
than she hérself consumes (11). A recent WHO
committee advised from 50 to 150 mg as-
corbic acid as the recommended daily allow-
ance for nursing mothers (14).

The logical routine to ensurc an adequate
vitamin C intake in the breast-fed infant is
for the public health nurse to stress that the
mother herself eat fruit and green vegetables.
This simple measure is convenient for the
mother and will maintain both mother and
infant in an adequate vitamin C nutritional
“tatus.

eceived for publication 22 October 1965
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ASCORBIC-ACID TREATMENT FOR
OSTEOGENESIS IMPERFECTA

SIr,—We are interested in the possibility that nutritional
factors may be useful in the treatment of collagen discases,
and we should like to report the results of a trial of ascorbic
acid in osteogenesis imperfecta. .

Osteogenesis imperfecta is a metabolic bone condition in which
the protein matrix of the bone is believed to be the site of the
abnormality.! Collagen, the chief component of the matrix, is
unique in containing a high proportion of hydroxyproline, which
is formed in vivo by hydrorylation of proline. Oxygen, ferrous
iron, a-ketoglutarate, and ascorbic acid are required cofactors for
the proline-hydroxylase enzyme,!-* Urinary excretion of hydroxy-
proline is tegarded as an indicator of collagen metabolism in the
body. In animals made scorbutic, hydroxyproline excretion
decreases. In contrast, when normal people have been made
scorbutic, excretion has been shown to increase.® This increase
in human beings may represent turnover of partially hydroxy-

lated collagen precursors or increased degradation of collagen.

Ten patients with osteogenesis imperfecta, aged 5-27

years, were studied for 12-17 days in the clinical study

centre of The Children’s Hospital, Columbus, Ohio, and
subsequently followed at home. The patients had histories
of total fractures ranging from 4 to over 250. Four normal
control subjects were selected, representing the two pre-
dominant age-groups. They followed the same dietary
regimen, but were not admitted to hospital. A low
hydroxyproline diet was given throughout the study, and
after an initial 4-day period, 1 g. of r-ascorbic acid was
given daily.

Ascorbic-acid retenrion, calculated as intake minus
urinary excretion, ranged from 255 to 612 mg. after 3
months. In the young controls, retention also remained
relatively high, but a much smaller retention was observed
in the older controls. A dccrease in urinary hydroxyproline
excretion was observed after the 3-month period in six of
the ten patients. It may be postulated that there was
increased deposition of more stable collagen or decreased
collagen degradation. Further evidence of a change in
collagen metabolism is a deccrease in the incidence of

broken bones. At the previous rate of breaks, 20-22 -

fractures could have been expected in the time period since
the start of the ascorbic-acid supplement. Actually, only
5 were reported. 2 of these resulted from substantial
trauma; the other 3 were typical of the disease. This
decrease in the number of breaks is dramatic, and indicates
that this approach is promising for the treatment of this,
and possibly other, collagen discases. That the approach

1. McKusick, V. V. Hecritable Disorders of Connective Tissue; p. 233.
St. Louis, 1966.

2. Udenfriend, S. Science, N.Y. 1966, 152, 1335,

3. Llutton, J. J., Tappel, A, L., Udenfriend, S. Blochim. biophys. Res.
Commun. 1966, 24, 179,

4. Martin, G. R., Mcrgenhagen, S. E., Prockop, D. J. Nature, Lond.
1961, 19, 1008.

5, Burkley, K. Am. J. clin. Nutr. 1969, 22, 547,
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is feasible is shown by the ease and inexpensiveness of
carrying out the study, and by the absence of complications.

This work was supported by the Clinical Study Center, The
Children’s Hospital, and United States Public Health Scrvices
grant no. 00078,
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From the Institute of Cancer Research of
the University of Vienna
Relations between the Induction of & Skin Carcinema and
the Collagen Content of the Skin and the
Synthesis of Ascorbic Acid in Triturus Cristatus
By G. Wirl and F. Seilern-Aspang
With 4 Figures

(Subteitted: August 6 1969) -
Introduction

The chéiing of the proliferation and differentiation of the
epidermis during the embryogenesis (3,5,23) and regeneratién - both
reparative and physiological (q)- in vertebrate animais depends on deeper
layers of tissue, i, e,, the dermis, In the dermis the collagen seems
te be of priﬁary importance, probably due to its fibrous construction
(7,24,25),

When cancerization of the skin occurrs with dedifferentiation and
uncontrolled proliferation of the cells of the epldermis, defects in
the dermis are yepeatedly taken up as first phase of a malignant
growth of the epidermis. One of the skin carcinemas occurring in
yearly cycles in the newt (16,17,19) gave the possibility of examining
the bshaviour of the dermis parallel to the frequency of malignant
growths in the epidermis., During the summer month it was impessible
to induce skin carcinomas through wounding or introduction of carc.inogens,
but in the autumn inducibility increased and reached 100 % in January,
February and the beginning of March. In this time of year there also
appeared many spontaneous carcinomas., The condition was that the animal

" 063
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be prevented from hibernation by being kept at room temperature,
In the monthe of April and May the inducibiiity of carcinoma disappeared
completely, On the contrary, a healing began through a total hornifi-
cation process in the anfiimals with small skin growths.

Histological examinations of skin leslons showed a- dhcrease
of granulation tissue in the remaining epitheliazation towards winter.
In the winter months no granulation tissue formed after injury to the
skin. Wounds of this kind led to carcinomas: after epitheliazation of
the wounds the cells of the epithelium infiltrated the underlying tissues,
mostly muscular, from which they were not separated by any connective
tissue structure. Mslignant growth began only after destruction of the
dermie, even when the epidermis was not thereby injured. Wounds of the
epidermis without injury to dermis did not lead to carcinomas., If

imnature connective tissue from a regeneration site in a wound, which can form

- no more regenerative tissue, was implanted, the dermis was regenerated --

no epidermal growths began. In these animals kept over the winter the
formation of granulation tissue was renewed again in the spring, and it was
impossible to induce carcinoma by wound formatlon. On the contrary,
infiltrations of skin growths that originated in the winter wrec
encapsulated in the spring by newly appearing connective tissue, and the
epidermal growths became completely horny. (16, 17)

4 clear connection was thus shown between the appearance of skin
carcinomas and the capacity to form connective tissue. This agrees
ehtirely with the before-mentioned finding of development physiology
that in embryogenesis and regneration the proliferation and differentiation

of the epidermis is checked by connectlive xtissue structures.
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Since the formation of connective tlssue depends largely on
collagen synthesis, the collagen content of the skin in two of the
newt strains in the yearly cycle was 1nvest1gat§d. Both strains got
carcinomas in the above described period during the winter, Ascorbie
acid is necessary for the hydroxylation of prolines in the formation
of a typical hydrtxyproline-containing collagen in vivo (6). Wound-
healing processes are greatly disturbed in rodents suffering from
scurvy. In reviewing.the principal restrictions on carcinoma
formation and loss of connective tissue the ascorbic acid content

of the kidneys was therefore examined.

Materials and Methods
The experiments were carried out on Trituru$is cristatus
dobragicus from the region of Heusiedlersee and on Triturus cristatus

carnifex from Rumania., The animals were kept in flet basins, 10 and

15 to each, through the whole year at room temperature, Once a week

they were fed with Tubifex, The water was changed every 2 days. The
experiments carried out wers divided between male and female, young animals
and adult animals. As no worthwhile differences were observed, these

groups were not separated in succeeding experiments.

1., Ascorbic Acid Content of the Kidneys:

The kidney was used for these investigations because the urodeles

synthesige ascorbic acid in this organ (14), i.e., they are independent of

the ascorbic acid taken up from the food. The kidneys of 3-4 animals

were cleaned of clinging tissue fluid#s with filter paper, welghed and
homogenized in trichloroacetic acid. When settled the ascorblc acid
was determined by the photometric method of J. H, Roe and C, A, Kuether

(13). This method is based on the reaction of the ketone group of



ascorbic acid with 2,4 Dinitrophenylhydrazine in acid at 37° C. The

ascorbic acid content was obiéined by wet welght.

2. Collagen Content of the Skini

From both sides of the animal, about midway between the front and
hind &xtremiiies, smooth pieces of skin of diametmr = 0.9 cm w&re takenb
by means of a round punch. The attached muscles were removed and the
collagenkransferred to water-suluble gelatine by the method of D.J.
Prockop, &. Udenfried and S. Lindstedt (12). The hydroxyproline
content was determined by the photometric method of J. F. Woessner jr.
(26).

The hydroxyproline content of the pleces of skin was related to

their area.

Results

- 1. The Annual Rhythm of Collagen Content of the Skin

Figures 1 and 2 show the collagen content of the skin of animals

caught in spring and autumn, The collagen content of the skin

according to these investigations varies exactly contrary to carcinoma
susceptibility. In spring and summer there is a maximum of collagen.

At the beginning of winter the collagen content declines stiongly and
reaches its low point at the end of Jamuary to February and the beginning
of March, thus at the time when the inducibility of @arcinoma is

optimal and when spontaneous cercinomas also occur. From the end of

March to April and the middle of May the collagen content rises again

steeply. Here we also show the decline of carcinomas and the healing

of small epidermal growths.
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2. The Annual Rhythm of Ascorbic Acid Contgnt in the Newt Kidney
Figures 3 and 4 show the annual cycle of the two strains in-
vestigated: soon after capture there follows ani increasing loss
of ascorbic acid. In the winter months it is no longer detectable,
only in the month of March does the production of it rise again,
Captures of animals in the wild at various times show that the loss

does not occur in the wild,

Discussion

Our studies of the two strains of newts kept for a full yearx
in the laboratory show four occurrences in a striking relationship.
None of the four phenomena occurs in wild newts:

1, In the second half of summer the ascorbic acid curve falls,
From October to the middle of March no ascorblc acid is detectable,
From March it rises again to/alargaly normal curve in May.

2. Collagen formation, because of the hydroxylation of prolines,
depending in vivo on ascorblic acid, follows the synthesis of ascorbic
acid in the newt skin. The suddenly appearing decline of it during
laboratory holding is visible in its influence on collagezonly 3 to

4 months later, due to the slow turnover of the collagen structure.

- 068
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3« As to be expected, after wounding the formatien of granu-
lation tissue occurs in a quantity parallel to the curve of collagen
synthesis, In the time span when little collagen is found in the
newt's skin, there is also no formation of granulation tissue in
the skin wounds,

4, The development of skin carcinomas from skin wounds follows
ascorbic acid production, inversely with collagen content of the
skip and the formation of gramilation tissue in wounds,

The increase of inducibility of carcinomas by wounding occurs
parallel to the decrease of collagen in the dermis in mouse skin
likewise. There also a strong decrease of collagen content (10, 20, 21)
follows after application of a carcinogen, Exactly as in newts one can

in these gzones
hasten the induction of carcinomas/by wounding (9). Also in

transplantation of tail skin into the back of the mouse the collagen

. content in the transplant sinks almost as strongly as in treatment with

carcinogens (22). In such implants one can obtain carcinomas by painting
the wounds with benzol, On the other hand there does not occur on the
tail of the mouse after treatment with carcidéens either a decline of
collagen or a malignant skin growth. All these exsmples show that in
different vertebrate animals there exists a relationship between the
development of epidermal carcinomas and the collagen content of the
dermis (4, 8, 10, 20, 21).

Since the collagen synthesis depends on the ascorbic acid content
its absence could have a cancer-forming influence. Indeed, in outbreaks
of carcinomas a decline of ascorbic acid has oftent been observed

(2, 11, 15). When we consider the earlier-mentioned significance of
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the connective tissue structures for the ggiding of the proliferation and
differentiation of the epidermis in normal growth, it appears to us that
the here-occurring defects of collagen synthesis in the dermis stardx in
& causal relationship to the uncrontrolled (malignant) epidermal growth

after wounding.

Summary

1. In a year-long detention of twoe strains of newts in a laboratory
the quantitative occurence of skin carcinomas (spontaneous or experimentally
induced by wounding) tekes the form of a curve whose minmum is in spring
and early summer. The curve rises during the autumn and reaches an
optimum in February. At the end of March there follows a sharp decline
to the minimum of the curve,

2. In an exactly opposite way behaves the curve of ascorbic acid

.content of the kidneys (where the urodeles synthesize ascorbic acid), the

mass of granuldiion tissue in the wounds and collagen content in the skin,
3. Since in embryogenesis and regeneration the proliferation and

differentiation of the epidermis is controlled by the derrds, specially by

the collagen structure, it may be that the deficiency of ascorbic acid

and the associated decrezse of collagen synthesis because of loss of

complete dermls regeneration after wounding, leads to an unctonrolled growth

of the epidermis,

beaed
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Ausdene Distitut fir Krebsforseliogg der Universitit Wien

Beziehungen zwischen Induzierbarkeit eines Hautkarzinoms, dem
Kollagengehalt der Haut und der Svnthese der Askorbinsiiure bei
Triturus cristatus

Von G. Wirlund F. Seilern-Aspang

Mit 4 Abbildungen
(Fingang: 6. 8. 1969

Einleituny

Die Steucrung der Proliferation und Ditferenzierang der Epidermis wéhrend
der Embryogenese (3.5, 23) und der Regeneration —— <owohl der reparativen (18
als auch der physiologischen (1) — ixt hei Wirbelticren von dem unterlagernden
Bindegewebe bzw. der Dermis abhiingig, In der Dermis scheint vor all(‘m das
l\olla"cn withrscheinlich durch <cinen fibrilliren Aufbau. von Bede utung zu sein
(7. 24, 25).

Da Kanzerisierung der Haut mit Entdifferenzicrung und unkontrollierter Proli-
teration der Fpidvrmkydlvn einhergeht. worden wicderholt Defekte in der Dermis
als erste Phase eines malignen W uh\tum\ der Epidermis angenommen, Ein vom
Jahreszyklus abhingiges Hautkarzinom beim Moleh (16, 17, 19) « rgab die Mog-
lichkeit, dax Verhalten der Berniis parallel der Haufigkeit des nmh(rmn Wachs
tums dor Epidermis zu untersuchen. War ex in den Sommermonaten unmaglich.
Rautkarzinome durch Wundsetzung oder dureh Verabreie ‘hung von l\.m/umr( ‘net
zu induzicren. so nahm int Herbat die Induzierbarkeit zu und erreichte 100 vy i
Januar, Febroar und Anfang Mirz, In o dieser Zeit Graten auch zahlreiche Sp(mt(ln
l\(l]/”l(l”l( auf. Vorbedingung war. dald die Tiere durch Haltung bei Zimmer
temperatur am \\nmxwhlfli "(lmnlul wurden. In den Monaten Apnl und Mai
verschwand die Karzinominduzierbarkeit vollig, Im Gegenteil, os traten Aus
heilungen durch Totalverhornung der mit kleinen Hdul\\u(hmun"on befallener
Tiere auf.

Arr h Geschw ll]\',iul sch. N (HJAT";)', 8. 3643
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Histologische Untersuchungen von Hautwuunden zeigten bei gleichbleibender
Epithelisierung eine Abnahme des Granulationsgewe!)es gegen den Winter. In den
Wintermonaten wurde nach Verletzung der Haut kein Granulationsgewebe gebil-
det. Wunden dieser Art fiihrten zu Karzinomen : nach Epithelisierung der Wunde
infiltricrten die Epithelzellen in die unterlagernden Gewebe, meist Muskulatur,
von denen sie durch keine Bindegewebsstruktur getrennt waren. Malignes Wachs-
tum entstand nur nach Zerstérung der Dermis, auch wenn die Epidermis dabei
nicht verletzt wurde. Wunden der Epidermis ohne Verletzung der Dermis fithrten
nicht zu Karzinomen. Wurde unreifes Bindegewebe aus Regenerationskegeln in
cine Wunde, dic kein Regonerationsgcwobe mehr bilden konnte, implantiert, so
regenerierte eine Dermis — es entstanden keine cpidermalen Wucherungen. Bei
diesen {iber den Winter gehaltenen Tieren erfolgte im Friihjahr wieder die Bildung
von Granulationsgewebe, und es war unmoglich, durch Wundsetzung Karzinome
zu induzicren. Es wurden im Gegenteil infiltricrende Hautgewichse, die noch aus
dem Winter her stammen, im Frihjahr von neu auftretendem Bindegewebe ab.
gekapselt, und die epidermalen Wucherungen verhornten véllig (18, 17).

Es zeigte sich also cine deutliche Beziehung zwischen dem Auftreten von Haut.
karzinomen und der Fihigkeit, Bindegewebe aufzubauen. Dies stimmt tiberein
mit der eingangs erwihnten Erkenntnis der Entwicklungsphysiologie, daB in der
Embryogenese und Regeneration Proliferation und Differenzierung der Epidermis
von Bindegewebsstrukturen gesteuert werden.

Da der Aufbau von Bindegewebe weitgehend von der Kollagensynthese abhingt,
warde der Kollagengehalt der 1Taut zweier Molchrassen im Jahreszyklus unter-
sucht. Beide Rassen bekamen bei Winterhaitung Karzinome in dem oben be.
schriebenen Ablauf. Askorbinsiure ist fiir die Hydroxilierung des Prolins bei dem
Aufbau cines typischen hydroxiprolinhaltigen Kollagens in vivo notwendig (6).
\\'undheilungspmzosse sind bei Nagern, die an Skorbut leiden, stark gestort, In
Hinblick auf dic zur Karzinombildung und Bindegewebsverlust fiihrenden Be.
dingungen wurde daher der Askorbinsiuregehalt der Niere untersucht.

Material und Methode

Die Versuche wurden an Triturus cristatus dobrogicus aus dem Gebiet des Neu-
siedlersees und an Triturus cristatus carnifex aus Rumdnien durchgefithrt. Die Tiere
wurden ganzjihrig in flachen Becken zu 10 und 15 Stiick bei Zimmertemperatur
fehalten. Wichentlich wurde einmal mit Tubifex gefiittert. Das Wasser wurde jeden
2. Tag gewechselt. Die Versuche wurden getrennt zwischen Méannchen und Weibchen,
Jungtieren und adulten "Tieren durchgefiithrt. Da sich keine wesentlichen Unterschiede
ergaben, sind diese iruppen im nachfolgenden nicht getrennt,

N Askorbinsiiuregehalt der Niere:

Die Niere wurde deshalb far die Untersuchungen verwendet, da die Urodelen die
Askorbiusiinre in dicsern Organ synthetisicren (14), d. h,, sie sind yon der durch die
Nahrung aufgenommenen Askorbinsiure unabhiingig. Die Nieren von 3 bis 4 Tieren
wurden mittels Filterpapier von anhaftender Gewebsflassigkeit befreit, gewogen und
in Trichloressigsiure homogenisiert. Im Uberstand wurde die Askorbinsiiure nach
der photometrischen Methode von 3. H. Roe und C. A, Kuether (13) bestimmt.

9i64
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Dicse Methode beruht auf der Reaktion der Ketogruppe der Askorhinséure mj
2.4 Dinitrophenylhydrazin in saurem Berciell bei 37 ©C. Der Askorbinsiurcegehal:
wurde auf das Naflgewicht bezogen.

2. Koilagengehalt der Haut:
An beiden Sciten des Tieres, etwa in der Mitte zwischen Vorder- und Hinterextre.
mitaten, wurden flichengleiche Hautstiiekehen vom Durchmesser == 0.9 cm mittd.
einer Rundstanze entnommncen. Die anhaftende Muskulatur wurde entfernt und da.
Koltagen nach der Methade von DI Prockop, 8. Udenfriend und S. Lind
stedt (121 in wasserlosliche Gelatine Ghergefiilot. Der Hydroxiprolingehalt wurd,
nach der photometrischen Methode von J, Fo Woessper jr. (26) bestimimnt.
Der Hydroxiprolingehalt der Hautstiickehen worde auf deren Fliche berogen,

Ereebnisse

o
1. Der Jahresrhyvthmus des Kollagengehaltes der Taut

Die Abbildungen 1 und 2 zeigen den Kollagengehalt der Haut von Tieren, di
im Frithjahr und im Herbst gefangen wurden. Der Kollagengehalt der Haut ver.
tauft nach diesen Untersuchungen genau gegenteilig der Rarzinomanfilligkeit
Im Frihjalir und Sommer findet sich ein Maximun an Kollagen, Zu Beginn de-
Winters sinkt der Kollagengehalt stavk ab und errcicht seinen Tiefstand End
Januar bis Februar und Anfung Mérz. also zu der Zeit, wo die Induzierbarkeit vor
Karzinomen aptimal ist und auch Xpontankawrzinome auftreten. Fode Mdrz bi
April und Mitte Mai steigt der Rollagengehalt wicder steil an. Hicer verzeichne
wir aueh den Riickgang von Karzinomen und die Ausheilung Kleinerer epidermale

Wucherungen.

1
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Abb. 2 Der Kollngengehalt der Haut von Triturus eristatus dobrogicus withrend des Winters bei Hal-
tung in Zinmertcimperatur.
gef. = Fangzeit
@ = Durchschnitt von 4 Proben zweier Versuchstiere
ugH/F = ya Hypro/Haut{liche

2. Der Jahresthythmus des Askorbinsiiuregehaltes in der Molchniere

Die Abbildungen 3 und 4 zeigen den Jahreszyklus der beiden untersuchten
Rassen: Bald nach Gefangenschaft erfolgt ein zunchmender Verlust an Askorbin-
siure, In den Wintermonaten ist sie nicht mehr nachweisbar. Erst im Monat Marz
steigt die Produktion derselben wieder an. Wildfinge zu verschicdenen Zeiten
zeigen, dall der Verlust nicht in freier Wildbahn auftritt.

Diskussion

In unseren Untersuchungen stehen bei einer ganzjihrigen Laborhaltung beider
Molehrassen vier Yorginge in ciner auffalligen Bezichung. Alle vier Erscheinungen
treten bei Freilandmolchen nicht auf:

L In der zweiten Sommerhilfte fillt der Askorbinsiiurespiegel. Von Olktober.
'}J}S Mitte Mirz ist keine Askorbinsiure nacloweisbar, Vo Mirz an steigt er wieder

15 zu cinem weitgehend Normalspiegel im Mai.

2. Der wegen der Hydroxilierung des Prolins von der Askorbinsiure in vivo
'rd_bhangige Kollagenaufbau (6) folgt in der Molchhaut der Synthese an Askorbin-
fure. Der bei Laborhaltung rasch auftretende Riickgang derselben wird aber
Wegen des langsamen Turnovers des St ruktur-Kollagens erst 3 bis 4 Monate spater
i seinem EinfluBl auf das Kollagen sichtbar.
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AbL. 3 Der Gohalt an Askorbinsaure der Niere von ‘Triturus eristatus caenifex bei ganzjiheiger Hal
tuny in Zimmertemperatur.
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3. Wie zu erwarten, verlduft bei Wundsetzung die Bildung von Granulations-
gewebe in ihrer Quantitit parallel der Kurve der Kollagensynthese. In den Zeit-
bschnitten, wo wenig Kollagen in der Molchhaut gefunden wird, wird auch in
Ifautwunden kein Granulationsgewebe gebildet.

4. Die Entstehung von Hautkarzinomen aus Hautwunden verliuft der Pro-
duktion an Askorbinsdure, dem Kollagengchalt in der Haut und der Bildung von
tranulationsgewebe in Wunden antagonistisch.

Die Zunahme der Induzierbarkeit von Karzinomen durch Wundsetzung parallel
Jder Abnahme des Kollagens in der Dermis findet sich ebenso in der Méusehaut.
Auch dort erfolgt nach Applikation eines Kanzerogens eine starke Abnahme des
Kollagengehaltes (10. 20, 21). Genau wie beim Molch kann man in diesen Zonen
durch Wundsetzung Karzinome verfriht induzieren (9). Auch bei Transplantation
der Schwanzhaut in den Riicken der Maus sinkt der Kollagengehalt im Trans-
plantat fast so stark wie bei Behandlung mit Kanzerogenen (22). In solchen Im-
plantaten kann man aus Benzol gepinsclten Wunden Karzinome erzielen. Am
Schwanz der Maus erfolgt dagegen durch Kanzerogene weder ein Riickgang des
Kollagens noch cin malignes Wachstum der Haut. Alle diese Beispiele zeigen, daB
bei verschiedenen Wirbeltieren cine Bezielung zwischen dem Entstehen epi-
dermaler Karzinome und dem Kollagengehalt der Dermis besteht (4, 8,10, 20, 21).

Da die Kollagensynthese vom Gehalt an Askorbinsiure abhiingig ist, konnte
ihre Abwesenheit einen kanzerisierenden Einfluf3 haben. Tatséchlich wurde haufig
bei Ausbruch von Karzinomen auch ein Riickgang der Askorbinsidure beobachtet
(2, 11, 15).

Betrachten wir die eingangs erwihnte Bedeutung bindegewebiger Strukturen
fir die Steuerung der Proliferation und der Differenzierung der Epidermis in der
Normogenese, so erscheinen uns die hier auftretenden Defekte der Kollagen-
synthese der Dermis in ursichlicher Bezichung zu dem unkontrollierten (malignen)
epidermalen Wachstum nach Wundsctzung.

Zusammonfassung

I. Bei einer ganzjihrigen Laborhaltung zweier Kammolchrassen erfolgt das quan-
titative Auftreten eines Hautkarzinoms (spontan oder durch Wunden experi-
mentell ausgelost) in Form einer Kurve, deren Minimum im Frihling und ¥rith-
sommer liegt. Die Kurve steigt wihrend des Herbstes an und erreicht ein Opti-
mum um den Februar. Ende Mérz erfolgt ein starker Abfall zum Minimum der
Kurve.

= Genau gegenteilig verlauft die Kurve des Askorbinsduregehaltes in der Niere
(wo die Urodelen Askorbinsiure synthetisieren), -die in den Wunden auf-
tretende Menge an Granulationsgewcebe und der Gehalf an Kollagen in der Haut.

3. Da in der Embryogenese und in der Regeneration die Proliferation und Diffe-
renzierung der Epidermis von der Dermis wahrscheinlich ini besonderen von
der Kollagenstruktur gesteuert werden, kénnte der Mangel an Askorbinsiure
und damit der Abfall der Kollagensynthese wegen des Verlustes einer voll-
Wertigen Dermisregencration nach Wundsetzung zu einem unkontrollierten
Wachstum der Epidermis fihren.
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Summary

Relation of the induetion of a carcinoma of the skin to the content of collagen in
the dermis and the synthesis of ascorbie acid in Triturus eristatus

1.

When twn races of newts are held in laboratory all the year, the quantitative
appearance of the epithelial fumour (zpontancous or induced by wounding)
follows a curve. whose mininum Jies in spring and the first part of summer.
The eurve rizes in autwmn and the optimum ix reached in February. In March
there ix a striking slope to the minimum of the curve.

However. the curve of the content of ascorhie acid in the kidneys (where
ascorbic acid ix synthesized in urodeles). the quantity of granulation tissue in
wounds, and the content of collagen in the dermis ix exactly the opposite.
In embrvogenesi= and in regeneration the proliferation and differentiation of
the epidermis is controlled by the dermis, prohably by the structure of collagen.
Thus we would suzgest that the deficiency of ascorbic acid and therefore a
decrease in collagen synthesis inhibits the vegeneration of the dermis in the
wound. This inhibition is the cause of the uncontrolled growth of the wound

epithelium.
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"Apparent Vitamin C in Foods

By F. WOKES, JOAN G. ORGAN, JEANETTE DUNCAX axp F. C. JACOBY,

Ovaltine Rescarch Laboratorics, King's Langley, Herts

: (Received 12 dugust 1943)

Titration with 2:6-dichlorophenolindophenol  is
used. to estimate vitamin C in a wide variety of
foodstuffs, though the dye may react with sub-
stances besides ascorbie acid. Harris [1933] showed
that dye-reducing substances can be produced by
heating certain sugars with alkali. Johnson [1933)
found with germinated peas that dye titrations
indicated higher vitamin C contents than was shown
by biological tests. In acid extracts part of the dye-
reducing power was due to a substance which re-
duced the dye more slowly than ascorbie acid.
Bacharach, Cook & Smith [1934] found an merease
in the dye-reducing power of malt extract heated
to 100° for -2 hr. McHenry & Grahwn [1935]
obtained increases of 50-170%; by heating cortain
vegetables for a few minutes at 33° or by standing
theze for a few hours at room temperature in 19,
HCL Alunad [1935] found that boiling cabbage for
10 min, with 209, CCLCOOH increased the appa-
rent vitamin C eontent by nearly 2009, Reedman
& Mellenry [1938] found that the apparent vita-
min € in heated potatoes resembled true vitamin €
in both physiological and many chemival properties.
Their suggestion that ascorbic acid might exist in
combination with protein from which it was set free
by heating was discredited by Harris & Olliver
1942}, who suggested three possible causes for the

results: (1) incomplete extraction from unheated
tissues, (2) variations in sampling. (3) inhibition by
heat of the ascorbic acid oxidase in the foods
examined. The possible occurrence of non-specific
dye-reducing substances in vegetable tissues was
considered of little or no practical importance,
although it was admitted that germinated seedlings,
malt extract, yeast and fermented juives might
repay further study.

During the last three years we have been accumu-
lating evidenee to show that the apparent vita-
min C content of foods can become considerably
higher than the true vitamin € value under manu-
facturing and storage conditions which may occur
in practice. Preliminary reference to these tindings
was made by Wokes, Johnson, Dunean, Organ &
Jacoby [1942] and by Wokes. Organ, Duncan &
Jacoby {1943¢). The provisional term “apparent
vitamin €7 was proposed to deseribe substances
oceurring in natural swd processed foods which,
although not  pessessing  antiseorbutic  activity.,
simulate vitamin U very closely in theic chemical
and physical propertivs, so that they are not dis-
tineuished from it by the indophenol titration as
nsually applicd. and may therefore canse results to
bo tao high. Methods of estimating true vitamin ©
in the presence of this apparent vitamin C have
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been described by Mapson [1943a,b] and by Wokes,
Organ & Jacoby [1943%]. In this paper a brief
account js given of the production and occurrence
of apparent vitamin C in foodstuffs, and of some
of its properties.

EXPERIMENTAL

Indophendl titrations

In our carlier experiments we used only the visual dye
titration method essentially as described by Harris &
Olliver [1942]. Later we also used the potentiometric
method of Harris, Mapson & Wang [1942] with modifica-

“tions. This proved invaliable both for deeply coloured

Froducts and for following dye reactions more precisely
than is possible visually, and we are greatly indebted to
these workers for details of the method prior to publication.
Satisfactory agrecment was obtained between visual and
potentiometric results, provided that timing and rate of
dye additions were carefully controlled as described by
Wokes el al. (19431

Estimation of apparent vitamin ¢

This was carried out by a modification [Wokes et al.
194351 of the method of Lugg [1942). Lugg divided the
various dye-reducing substances into three groups according
to their rate of reaction with formaldehyde: (¢) react
readily at pH 15 and 3-5, (b) react readily at pH 3-5,
slowly at pH I'5, (¢) do not react readily at cither pH.
Ascorbic acid was the only substance he had found in
group (b); reductone occurred in group (c¢). Hence a basis
was provided for differentiating ascorbie acid from re-
ductone,

It has been shown by Mapson [19434] and oursclves

[Wokes et al. 19434] that reductone and other components
‘ofapparent vitamin C react too rapidly with formaldchyde

at pH 3-5 for satisfactory differentiation. We have obiained
satisfactory results by treating miatures of true and
apparent vitamin C with formaldehyde at pH 4-5 for 6 min.

This destroys the whole of the true vitamin C but little,

if any, of the apparent vitamin C. Recovery experiments
are madc to correct for any apparent vitumin ¢ destroyed
in certain materials. The action of the formaldehyde is
checked at the end of 6 min. by adding excess HI’O, to
bring the pPH to about 1-0. To calculate true vitamin C
the apparent vitamin C thus determined is subtracted
from the total vitamin C estimated with similar timing
and rate of dye additions,

Production of apparent vitamin C by heating with mineral
acid
Potatocs, cabbages, carrots, germinated grains (wheat,

barley and oats), grass and lucerne were treated with
various concentrations of HCY, H,80,, HPO; or CCL,COOH

in a water-bath at 90-95°, or occasionally on a sand-bath,

water being added at intervals to make good any loss.
With some waterials (e.g, grass), heating on a sand-bath
proved more cffective. With HCl or H,50,, 29 (v/v) of
the concentrated acid gave the best results, producing as
much apparent vitamin C as higher (up to 89,) concen-
trations of acid, but when less than 294 of conceutrated
acid was used the rate of production of apparent vitumin C
fell rapidly with decreasing acid concentration. 19 HPO,
was more effcctive than lower concentrations, but the raje

o« BEea

-

of production of apparent vitamin C was still much sloy,
than with 29, conc. HCl. The apparent vitamin C Drr-l
duced with 1% HPO, or with 0-259% conc. H(J ,,;
unstable to prolonged heating. When heating cably,
extract in 25% CCLCOOH we were not able to obyg,
any increase in the dye titration values such as Ahp,,
[1885] described, but, on the contrary, as heating cu:
tinued the titration value became less. Our eabhy,,
extracts were prepared by grinding with quartz sand, Wi
precautions to avoid destruction of ascorbic aciq 1
oxidizing enzymes [vide Wokes & Organ, 1943]. Hep,
our findings indicate that the increase in the dye titrat,.
value observed by Ahmad when heating cabbage Witk
259 CCLCOOH was due to extraction difliculties and ng
to production of apparent vitamin C. We were able to figd
only slight traces of apparent vitamin C in our cabb,,
extracts when examining these by the method of Wol,
el al. {19436]. On the other hand, when we heated g,:,:
minated grains, grass and lucerne with acid, the dye tity,
tion figures steadily increased during several hours’ heatig.
(in contrast with the increase in 10 min. observed by
Ahmad). The presence of apparent vitamin C was o,
firmed by the above method, although the amount fouy:
was sometimes less than the incrcasc observed, and the
possibility of formation of hydroxytetronic acid was ny
precluded. Nevertheless, ample evidence was obtained thy
the increase in the dyw titration values was not due to ang
of the three possible causes mentioned by Harris & Olliw-},
viz. incomplete extraction, variation in sampling, or j.
bibition of ascorbic acid oxidase. A few representatiy
results are given in Fig. 1.
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Tig. 1. Production of apparcnt vitamin € by heating with-

29% conc, HCl or of conc. H,S0, at 100°. Germinated
graing, ® ——®. QGrass, x —~—x. Lucerne, ¥¢----- *.

Production of apparent vitamin C by heating without acid

In certain foods and food materials apparent vitamin ¢
can be produced by heating to about 100° without addition
of acid. This effect is strougly marked with malt extrac,
in which it is possible to increase the apparent vitamin (
content as much as 10 times, but may also be observed
with fruit syrups and other products. 1f true vitamin {
be present, its destruction by heat may be masked by the
simultaneous production of apparent vitamin C. This pro-
duction of apparent vitamin C can take place at pH 45
a3 compared with a pH below 1 in the experiments with
acid. A few typical results are given in Table 1.
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Table 1. Apparent and true vitamin C contents of foods, etec.

Material
Fresh fruit and fruit preparations:

Black currants, fresh
Black currant juice
Black currant syrup, freshly made

Black currant syrup after 8 weeks at room temp. in dark
Black curpant syrup after 13 weeks at 27° in dark
Black currant syrup after 10 weeks at 37° in dark

Rose hip syrup after 12 months at 0--5°
Rose hip syrup after 12 months

Cherry juice, cone.; after 6 years at 0-5°
Lemont juice, cone., after 18 months at 0-5°
Lemon juice, conc., after 4 years at 0-5°
Walnuts, unripe (Juglans regia), 2-3 g. -
Walnuts, unripe, 6-7 g. _

Walnuts, unripe, 15-20 g.

Walnuts, unripe, after precipitation of tannin (5)

Dried fruits and vegetables:
Dried bananas (¢} - .
Dried carrots (c) : .
. Dried potatoes (d) -
Dried rose hip extract (mean of five samples) (e)
Dried spinach (¢) ’
Dried tomatoes (c)

Malt extracts: :
Liquid malt extract, low diastatic power (p.p.) .
Liquid malt extract, normal n.p.
Liquid malt extract, normal p.v.
Liquid malt extract after § hr. at 100°
Liquid malt extract after 2 hr. at 100°
Liquid malt extract after 9 months at 37°
Dried malt extract, low p.p. (g)

* Dried malt extract, normal n.p. (g)

Sugars and molasscs:

Sugar, white (mean of three samples)

Sugar, brown (mean of four samples)

Golden syrup

Molasscs, beet

Molasses, cane

Molasses, before charcoal treatment (k)

Molasses, after charcoal treatment

Molasses, beet concentrated preparation

Molasses, beet concentrated preparation

Moelasses, cane eoncentrated preparation
Cocoa, chocolate: ’

Cocoa, defatied, mixed sample

Cocoa, defatted, after precipitation of tannin

Chocolate, vitaminized :

Chocolate, vitaminized
Miscellaneous:

Beer, light draught

Beer, dark draught )

Varsley (1) -

v

oparent vitamin C determined by method of Wokes ¢t al. [19438] checked occasionally by Mapson's method

1943b]. )
ethod of Mirimanoft & Mori [1940].

-

Vitamin C content
A

1-5

(mg./100 g.)
A
pH of Apparent
_material Total (a) True
32 202 4 198
32 140 5 135
— 103 2 101
— 96 1 92
— 58 3 55
— 68 8 60
37 156 20 136
36 101 69 32
l 38 47 45 2
17 193 42 151
17 27 21 6
— 2619 1310 1309
52 2961 . 987 1974
39 2028 408 1620
39 1909 400 1509
-

50 6 1
48 90 49 41
45 27 4 23
41 1300 50 1250

70 2 06
47 8¢ 55 34
47 3 )] 0
47 12 N .0
48 5 (f) 0
48 12 (f) 0
48 20 (f) 0
36 103 (f) 0
47 3 ) 0
47 12 (#3] 0
— 0 0 0
— 1 1 0
— 27 27 0
— 18 18 )
— 1 11 0
R 56 46 46 0
62 19 19 0
54 222 (d) 0
— 304 (d) .0
— 196 (d) 0
7.0 65 65 0
7.0 12 (@) 0
61 44 8 36
517 36 4 32
46 0-3 03 0
44 1 1 0
7.0 220 40 180

bout 4 years’ storage in air-filled containers at room temperature.
wecks' storage in air-filled containers at room temperature.

ge 4-0-4-2.

»f the dye reductant in these preparations reacted with HCHO under the given conditions, but since it had

produced by hecating was considered not to be ascorbic acid.
‘ed by evaporation in racuo of the corresponding liquid malt extract.

sent normally used in refining sugar.

; extraction eyanide used to inhibit action o

f oxidizing enzymes and stabilize apparent and true vitamin C.

:
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Development of apparent vitamin during storage

Apparent vitamin
storage under normy
affected by tempera

C may be gradually formed during
! conditions, The rate of formation jg
ture, moisture content and exposure

to air and enzymic action,

(4) Effect of storage temperature. Fig. 2 summarizes some
results obtained on malt extract, which show that the rate
of formation of apparent vitamin C iy affected by the

250

ase in apparent vitamin C

L

Cre

0w o0
Days stored

Fig. 2. Effeet of storage temperature on rate of production

of apparent vitamj

e 2

n Cin malt extract. Incroase at 37°,

Increase at room temperature, X x,

" Increass at 0-5° @——@.

x

/

030 0 50

Wecks stored at 37°

vFig. 3. Rate of prod

extract stored in

uction of apparent, vitamin C in maly
air-filled containers at 37°, showing

effcet of enzyme and moisture content, Results on dricd
extract of low diastatjc power (12 Lintner), [ ——.~[7]

Dried extract of n

ormal diastatie power (112 Lintner),

®—-@. Liquid extract from which Jow D.p. dry extract
" prepared, x— - x Liquid extract from which normal

d.p. dried ext. preg

storage temperature,
were observed during
at about 5° an increa

pared, X - . ... *.

At 37° increases of 12-103 mg./100 g
268 dayy’ storage. In the refrigerator
se of 469, wus observed in 150 days,

L1 1P Y

e
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(8) Effect of moisture content, Removal of all by 120,
of the moisture greatly retards the rate of Producti,

In dried extracts of vegetables and fruits stored g,
4 years at room temperature jn air-filled containery therg
was marked development, of &pparent vitamin (, maski“g

120 -

Vitamin C content (mg./100 g.)

- Years stored at room temperature

Fig. 4. Total and apparent vitamin C jp dried fruit and
vegetables stored in air at room temperature, 4, tota]
vitamin C in dried tomatoes, B, true vitamin Cin drieq
tomataes, C, total and true vitamin C in dried 8pinach,
D, total vitamin ¢ in dried bananas, :

the gradual destruction of true vitamin ¢ (see results with
tomatoes in Fig, 4), Storage in nitrogen-filled containerg
reduced the rate of formation of apparent vitamin ¢ but
did not entirel Yy prevent it, -

Occurrence of apparent vitamin ¢ ¢y, miscellaneous materiyls

(a) Cocoa end chocolate, Apparent vitamin has been
found in considerable amounts in cocoa, and may therefore
occur in chocolate used ag 5 carrier of the vitamin (Table 1,
When the trge vitamin C gradually disappears during
storage, the apparent vitamin (0 remains; and if 110 corree.
tion is made for its Pprésence the eITor increases ip magai.
tude. The apparent vitamin C js not entirely tannin, sipee

it s not completely precipitated by the method of

Mirimanofl & oy [1940],

(&) Fruits and fruit syrups, Fresh fruitg appear on the
whole to confain only small amounts of apparent vity.
min C, which does not, ugually exceed 10% of the total
vitamin (¢ found, Unripe walnuty are an exception; in
fotue species the apparent vitamin ¢ may be 809 of the

. total [Melville, Wokey & Organ, 1943).

When fruit juices are heated or subjected to prolonged
storage more apparent vitamin ¢ may be produced, so
that it may eventually form the greater part of the tota)
vitamin C found by the usual dye titration " (Table 1).
Some of this may be reductic agid formed by the action of
the fruit acids on pectin or other constituents,

(¢} Sugar, SYyrup and molagses, Demerara ang other
coloured sugars contain traces of frparent vitamin (,
which may produce an appreciable effect on the total
vitamin ¢ content, of fruit syrups. Some samples of tahle
BYrup contain more apparent vitamin ¢, Thig is also found
in molasses, from which very concentrated Preparations

Beow
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can be obtained. In the process of sugar refining the
spparent vitamin C is presumably produced by the treat-
ment with mineral acid, and partially removed by subse-
quent treatment with charcoal.

{d) Vegetables. Significant amounts of apparent vita-
nin C bave not been found in common raw vegetables, but
may be produced by cooking at a high temperature (e.g.
roasting or frying), and also occur in some herbs such as
sorrel and parsley. : .

(e} Beer. Traces of apparent vitamin C, comparable
with the total vitamin C contents of South African beers
reported by Levy & Fox [1935), have been found in English
draught beer, especially in the dark variety.

Properties of apparent vitamin € )

(@) Temperature coefficient. The rate of production of
apparent vitamin C increases with rise in temperature.
Between 0 and 37° the temperature coeflicient for 10° rise

is of the order of 2. At 100° a sharp rise in the rate occurs. .

(b) . Effect of pH on rate of formation and stability. Appa-
rent vitamin C develops as rapidly at pH 4-56 as at pl 1,
and in part at least is unstable in 59, HIO, solution
(pH below 1) as well as in less acid aqueous solutions. Its
decomposition may be retarded by bubbling nitrogen
through the solution to expel air, and by storage in the
dark in nitrogen-filled containers; also by the use of
cyanide.

(c) Xffect of oxidizing enzymes. These, including ascorbic
acid oxidase, were exiracted from outer eabbage leaves by
the method of Szent-Gyorgyi [1931], from caulifiower inner
florets by the method of Hopkins & Morgan [1936] and
from unripe tomato skins by the method of Wokes & Organ
[1943], and tested on apparent vitamin C obtained either
at a pH of about 1 (e.g. beet and cane molasses, acid-heated
extracts of various foods) or at a pH of about 5 (c.g.
dehydrated foods, malt extract). Freshly prepared solus
tions in buffers of pH 2-6 were mixed with theenzyme
extracts at room temperature and appdrent vitamin C
determined at intervals. The enzymes desiroyed apparent
vitamin C under the same conditions as they destroyed
real vitamin C.

(d) Effect of oxidizing agents. Tractically the whole of
the apparent vitamin C in diflerent fuods can be destroyed
within 2-8 min. by treatment with 0-194 hydrogen peroxido
or sodinm percarbonate at 37°. This treatment also destroys
true vitamin C. With lower coneentrations less of the true
or apparent vitamin C was destroyed. Even 1:108 dilution
of H,0, produced an appreciable effect. The rate of de-
struction was most rapid in the first minute. It did not
appear possible to differentiate between true and apparent
Vitamin C by such means.

(e) Effect of ulira-violet light. Grilfiths [1943] suggested
that reductones might be formed by the action of ultra-
violet light on substances in the atmosphere. Solutions of
deliydrated foods, in which it was known that apparent
vitamin € could be developed during prolonged storage,
were irradiated (mercury vepour lamp) at pH 4-6 in
covered Potri dishes for several hours, screens being used
to cut, out short wave-length rays not prescnt in sunlight,
Without development of apparent vitamin C. Solutions of
foods in which the apparent vitamin C was already present
were irradiated under similar conditions, and the apparent
Vitamin C was gradually destroyed, having almost entirely
disuppcared after 3—4 hr, frradiation [Wokes, 1943]. Whilst
Lltra-violet light did not prodyce any apparent vitamin C

v Ak Ll
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in these defiydrated foods, the position may be quite
different in natural foods, such as fruits, which are exposed
to sunshine and contain various pigments and enzyme
systems. .

(f) Spectroscopic evidence. Dr R. A. Morton kindly
examined spectroscopically three of our most concentrated
sources of apparent vitamin C obtained from malt extract
by prolonged incubation, and from beet and cane molasses
respectively. The treatment which these had undergone
precluded the presence of true vitamin C, and the absence
of antiscorbutic properties was also shown by physiological
tests. The incubated malt extract showed a very distinct
maximum at about 280mu (Fig. 5). Maxima in the beet

lem. '

14

N s b
220 260 300 © 340
~ Wave-length of light (mpu.)
Fig. 5. Absorption spectrograms of concentrated prepara.-
tions of apparent vitamin C obtained from: malt ex;
tract, —-——; beet molasses, x----- X ; cane molasses,

@—0.

molasses at about 276 and 264 my, and in the cane molasses
at about 275 and 256mp, were obscured by general ab-
sorption, due to the dark colour. When this dark colour
was removed by treatment with charcoal, the apparent
vitamin C was not recovered. Attempts to obtain colourless
extracts suitable for spectroscopic examination by shuking
or Soxhlet extraction with methanol or ethanol or by pro-
longed shaking with ether proved unsuccessful.

DISCUSSION

The production of non-specific dye reductants by
heating different foodstuffs with or without acid has
beon mentioned by a number of previous workers.
Very little was known of the naturo and propertics
of these reductants and they were generally assumed
not to affeet the vitamin C value of foods as deter-
mined by dye titrations, either beeause thoy were
not present in significant amounts or because they
reacted more slowly with the dye so that their
interference was obviated by currying out the titra-
tion very rapidly. the end-point being reaclicd in a

L2
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minute or less. However, some doubt has been cast OH OH OH OH OH on
lco)n, this ass‘urrvlprtim‘l by the recenf‘ﬁndings of Hoch- H »:;(l,' . ! ! K 13_—_:&
erg, Melnicle & Oser [1943] and Taylor [1943] that, I
when the end-point is reached still more rapidly by HJ?O él{, (I,‘O (!10 Co
extrapolation of photoelectric data, the results Reductone - o . | |
may be appreciably lower than those given by the H" (_)H on
ordinary visual methods. Tuylor [1943] found the Redlf;‘nc . Dlhiv(-imx-‘.‘"
total vitamin C in unripe walnuts to be about 139 el ‘ matelo add
less by the more rapid method, and similar dis- OH oH OH OH
crepancies occurred with other foods. é‘é OH OH é;_.};
Wokes et al. [1943b], using a potentiometric | (! ] [ | é }
method, have shown that the vitamin C value ob- CH, Co HC— CH €O
tained for samples of dehydrated carrots, in which H H Y R
much apparvent. vitamin C had developed during Hydr . .
5 . X ydroxytotronic Ascorbic
4 ycars’ storage, was increased as longer intervals acid acid

were allowed between the dye additions, thus al-
lowing more time for the apparent vitamin C to
react. With additions every 15 sce. the resalt was
about 40 mg./100 g.; with additions every 8 min.
the result was over 100 ng./100 g. 1t was suggested
that this was due in part to enol-keto tautomerism,
Apparent vitamin C was thought to exist in the
solutions undergoing titeation as a mixture of two
isomers. Only one of these reacts with the dye. As
tho dye is added it removes the active isomer, and
more of this is formed from the inactive isomer to

‘restore the equilibrium. Thus the time effect is due

to the rate of enol-keto tautomerisim as well as to

“the rate of reaction of the active form with the

dye.

In the prescnt investigation it has been found
that apparent vitamin C ean be formed under much
less drastic conditions, and occurs more widely and
in greater proportions than was previously sup-

poscd. Morcover, its components resemble true

vitamin C closely (1) in their susceptibility to oxida-
tion by very low concentrations of inorganvic or
organic peroxides—an oxidation which is accele-
rated by enzymo extracts containing ascorbic acid
oxidase, (2) in their removal by activated charcoal
and general behaviour towards adsorbents, and
(3) in their reduction of iadine, ammoniacal silver
nitrate or alkaline copper solutions (Benedict’s,
Fohling’s) in tho cold. Some of the reductants in
apparont vitamin C are gradually destroyed on
standing in HPO, solution at room temperature,
but may be stabilized by nitrogen or cyanide; others
aro stablo in HPO; solution. They also differ from
vitamin C in possessing no antiscorbutic activity
and in being moro stable towards heat and towards
formaldebyde at pIl 4-5 [Wokes et al. 1943b]. They
should resemble ascorbic acid closcly in chemical
constitution and contain the active dienol and car-
bonyl groups. These are present in reductone, re-
ductic acid, dihydroxymaleic acid and hydroxy-
tetronic acid, four compounds closely related to
ascorbic acid, as shown by comparison of their
formulae.

Reductone is formed, amongst other products,
when carbohydrates are treated with alkali. Such
treatment may produce a varicty of enolic con.
pounds, hence the ‘reductones’ which Mapson pre.
parcd may have contained other dye reductants
besides pure reductone, especially as their propertics
differed in certain respects (e.g. stability towards
HPOy) from those of our apparent vitamin .
Martius & Fuler [1934] showed that reductone and
dihydroxymaleic acid react much more slowly with
tho dye when the pH is > 5, and suggested that
reductone could dissociate into two tautomeric
ionized forms ’

OH 0— 0— 0—
(@:& CHO and (l‘,——::é.C_HO
H H

Snow & Zilva [1938], when describing their experi.
ments with ascorbic acid oxidase on reductone,
suggested that their findings might be oxplained by
the high dye-reducing power of one of these isomers,
the concentration of which would be controlled by
the velocity of the tautomoric conversion. A similar
oxplanation is suggested for the variations we have
obsorved in the reaction velocity of tho dye with
apparent vitamin C in different foodstuffs. Redue-
tone has an absorption maximum at 287 my above
pH 5:7 and at 268my at pH 4-0 or lower, indicating
a change in the proportion of the two isomers in
this pII range which may bo related to the difference
in proporties of apparent vitamin C in foods of pH
above or below this range. Tho maximun at 268my
would be in good agreement with the maximum of
26410 found in our beet molasses at a similar pH,
but the evidence for the presence of reductone is
not conclusive. Euler & Martius [1933] stated that
reductone has no antiscorbutic activity.

Reductic acid was obtained by Reichstein &
Oppenauer [1933] by heating beet sugar pectin or
various carbohydrate derivatives with mineral acid,
treatment like that which produced apparent vita-
min C in our molasses. Reductic acid has an ab-

R
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sorption maximum at 280my at pH 6 and at 264my
st pH 3 [Mayer, 1937]. The spoctroscopic data on
our materials do not preclude the presence of re-
ductic acid, but the fact that the apparent vita-
min C was not completely destroyed on standing in
HBPO, [Wokes ef al. 19430] suggested that the latter
contained at least two different substances.

Dihydroxymalric acid is formed when tartaric acid ,

i oxidized by H,0, in presence of small quantitios
of ferrous salts in sunlight. Szent-Gyorgyi [1939]
statos that it is quite common in plants, whero it
probably serves as a hydrogen transmitter analogous
to ascorbic acid, being reversibly oxidized by an
oxidase similar o ascorbic acid oxidase. Diliydroxy-
maleic acid, like ascorbic acid, is rapidly oxidized
by traces.of peroxides, but unlike ascorbic acid is
unstable in acid solutions, in which it resembles
part of the apparent vitamin C in our materials.
Solutions of dihydroxymaleie acid in HPQ, are not
stabilized by nitrogen or cyanide. Such stabiliza--
tion might be ‘effected in the presence of certain
food extracts, but our experiments in this direction
have so far proved unsuccessful. Potentiometric
studies -of its rate of reaction with the dye confirm
Szent-Gyorgyi’s suggestion that in aquoous solution
it is subject to onol-keto tautomerism. The maxi-

mum light-absorption for dihydroxymaleic acid in -

water is at 290mu. This differs appreciably from the
maxiimum at 280y in dur incubated malt extract,
and the maximum at 275-276my in tho molasses,
but the possibility must be considered that the acid
in the moladses may have shifted the dihydroxy-
naloic acid 1aximum from 290 mp to a lower
wave-length. The presence of dihydroxymaleic acid
in our materials is therefore not excluded. The
destruction of the non-specific reductant in these
matorials by our enzyme extracts may liave been
due to their containing diliydroxymaleic acid oxi-
dase, which Banga & Philipot [1938] found in many
blants.  Dihydroxymaleic acid is not antiscorbutic
[Dalmor, 1934]. ' -

Hydroxytetronic acid is ehemically of interest as
being tho parent substance from which ascorbic
acid js probably formed. It resemnbles ascorbie acid
closely in its rate of reaction with HCHO and with
the indophenol dye. Its maximum absorption at
246my is appreciably lower than the nearest maxi-
mum of 256my in any of our materials, pnd would
Presumably tend to become still lower in prescence
of acid. Its occurrence in our materials seems less
likely {han that of reductic or dibydroxymaleic
acids. Hydroxytetronic acid is not antiscorbutic
Micheel & Jung, 1934].

Other possible constituents of apparent vitamin C.
It appears from spectroscopic evidence, and froin
the offects of HPO, and HCHO at different pH
[Wokes et al. 19435}, that apparent vitamin C fre-
quently containg more than one non-specific re-
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ductant. In addition to the reductants mentioned
above, enolic substances may be present which
reduce the dye fairly rapidly but which are less
closely related to ascorbic acid, Certain German
workers [cf.- Enders, 1938; Luers, 1937] have de-
scribed the occurrence and gradual developwment, in
malted barley extracts and beer during storage, of
dye reductants which they state are formed by
condensation of sugars and amino-acids with evolu-
tion of CO,. These reductants are stated not to
reduce I7ehling’s solution, which indicates that their

‘chemical nature differs more widely from that of

ascorbic acid than does that of the above four
reductants. -

SUMMARY

1. The provisional term ‘apparent vitamin C’ is
proposed to describe a group of substances occurring
in foods. and closely resembling ascorbic acid in
chemical and physical propertics (as well as in be-
haviour towards oxidizing enzymes), so that they
are not distinguished from vitamin C by the dye
titration generally employed. .

2. These substances probably all contain the.
dienol group, and may include reduétono, reductic

P—
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acid, dihydroxymaleie acid and hydroxytetronic

acid. They undergo enol-keto tautomerism, which.

causes their rate of reaction with the dye, and other”

properties, to bo affected by the pH, the range 4-6
appearing to be critical,

3. They differ from ascorbic acid in being pro- -

duced by the action of heat on certain constituents
(e.g. pecting, carbohydrates) in foods and also
(except hydroxytetronic acid) in their rate of re-
action with formaldehyde under given conditions
[Wokes et al. 1943b]. These differences in bohaviour
have formed the basis of methods of estimating
apparent vitamin C in foodstuffs.

4. Apparent vitamin C has been found in gor-
minated grains, malt extract, cocoa, chocolate,
dehydrated fruits and vegetables, beer, and in
certain fruits and herbs such as walnuats, parsley and
sorrel. Particularly high contents have been found
in unripe walnuts, in concentrated preparations
from beet and cane molasses, and in fruit juices and
dried foods stored for several years under normal
conditions.

The apparent vitamin C content of processed and
dehydrated foods may gradually increase during
storage under normal conditions, and thus obscure
loss of true vitamin C in storage experiments,

We are indebted to Dr L. J. Harris and his colleagues
for advice and criticism, to Dr R. A. Morton for spectro-
acopic examination of various samples, to Mr H. (. Powers,
chief chemist, Messrs Tate and Lyle's Thames Refinery, for
samples of molasses, to Messrs W. J. Bush and Co. for
samples of fruit jnices and syraps, and to Dr F. Bergel for
specimens of reductic and hydroxytotronic acid.
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Effects of Clinical Doses of Phenobarbital on Blood and Urine
Ascorbic Acid in Human Subjects.

SypNEY T. WricurT, ToMm J. CALLAGHAN, AND VIRGINTA MINNICH.
(Introduced by W. H. Olmsted.)

From the Department of Medicine, Washington University, St. Louis, Mo,

That barbituric acid derivatives were effective in stimulating
ascorbic acid excretion in rats was demonstrated by Longenecker
and his co-workers.? \Within 5 days the administration of sodium
phenobarbital caused an increase of 15 times in the urinary excre-
tion of ascorbic acid.

This experiment records the effects of clinical doses of pheno-
barbital on the plasma, whole blood, and urinary values of ascorbic
acid in human subjects. Although some other drugs are equally
effective in stimulating ascorbic acid excretion in animals, pheno-
barbital was chosen hecause it is so commonly used in clinical medi-
cine. It should be recalled that a daily dose of 20 mg of sodium
phenobarbital was given by King and his co-workers to a 250 g rat,
whereas we administered 180 ing to a 70K subject.

In rats, it was shown that 5 days were required to stimulate the
maximum excretion of ascorbic acid, so a 5-day period of pheno-
barbital administration was chosen for the human subjects. The
180 mg daily dose did affect the subjects in so much that dizziness
and diplopia were notable on the 5th day.

Plan of Experiment. Three subjects were used. Subject A was

a well developed male weighing 170 pounds, subject B a well de-
veloped male weighing 185 pounds, and subject C a normal adult
female weighing 125 pounds. The following dict was consiimed
each day during the entire experiment:

Food g ¥ood g Food g
Am. cheese 20 Figs, dried 30 Pork 75
Baeon 10 Flour 3 Pufted wheat 15
Beef 75 Grape jelly 30 Ripe olives 30
Butter 45 Grape juice 100 Soda crackers 12
Cream 170 Jello 16 Sugar 13
Dates 20 Limas, dried 20 Walnuts 15
LEggs 2 Macaroni 10 W. W. bread 120
Evap, milk 200 Peas, dricd 20 Total calories 3021

Total calories in individual diets were adjusted by varying the
amount of bread, milk, cream, hutter, and flour according to the

1 Longéxl*cker, II. E, Fricke, IL ‘ﬁ:;x}g‘l{ing, C. ijth‘ol. C;llcllt.;"]940,
135, 497,

9234
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tndividual preierences of the 3 subjects. During the month of the
experiment the weights of the subjects did not change.

The vitamin C free diet was supplemented with 25 mg of pure
ascorbic acid administered with the morning meal, The constancy
of the diet ruled out variations in ascorbic acid excretion due to
changes in pH of urine. Ascorbic acid and phenobarbital were
taken at approximately the same time each day. It was hoped to
arrange the ascorbic acid intake so that blood, and urinary changes
would be evident. The subjects voided frequently enough so that
urine remained in the bladders of the subjects for only a short
period of time? The urine volumes were quite constant, that of
subjects A and B averaged 1250 cc daily, while that of subject
C averaged 889 cc daily. The subjects performed the same work
daily either in the hospital or laboratory. Following a 10-day con-
trol period, phenobarbital was taken for a period of 5 days. A
second control period followed the drug period.

Chemical Mecthods, Fasting daily specimens of blood were taken.
The plasma and whole blood methods of Mindlin and Butler® and
Butler and Cushman*® were used to determine the ascorbic acid
values.

The urine ascorbic acid was determined on 24 hour specimens by
the method of Roe and Hall® adapted to the Evelyn photoelectric
colorimeter. Recovery experinients on this method gave 90% to
99% recovery of added ascorbic acid.

Results are recorded in Table 1.

It is evident that there was a very slight but definitely steady
decline in whole blood, plasima, and urinary excretion of ascorbic
acid during the 3 wecks of observation in all 3 subjects. In both
male subjects, no significant change took place in the ascorbic acid
metabolism during the admministration of phenobarbital.  In the one
female subject, there appeared a slight but significant rise in ascorbic
acid excretion and decrease in the whole blood values during admin-
istration of phenobarbital. We cannot explain this observation.

If ascorbic acid were used by the human being in detoxifying
phenobarbital as Longenecker, et ol., believe occurs in the rat, we
would expect a decrease in the blood value for ascorbic acid and a
decrease in urinary output during phenobarbital administration to

man. It is possible that if on the basis of weight the dosage to

2 Sherry, S., and Friedman, G. J., Proc. Soc. Iixr. Bion. axp Mep, 1939,
42, 707.

3 Mindlin, R. L., and Rutler, A. M., J. Biol. Chem., 1938, 122, 673.

4 Butler, A. M., and Cushman, M., J. Clin. Invest., 1940, 19, 459,

6 Roe, J. 1L, and 1Iall, J. M., J. Biol. Chem., 1939, 128, 329,

poe
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TABLE 1.
Ascorbie Acid Concentration of Whole Blood, of Plasma and of Urine.
A B C
[ Al L Al [ Y
Whole Urine Whole Urine Whole Urine
Date blood Plasma Urine 24 hr  blood Plasma Urine 24 hr  blood Plasma Urine 24 hr
1941 mg% mg% mwmg% mg mg% mgh mg%% mg mg% mg% mg% mg
-
2-5 .84 40 61 5.20 .63 22 38 4.40 X
2-6 1.22 46 45 548 112 31 .32 413
2-7 1.27 43 46 4.80 .86 .33 28 347
2-8 .99 .43 39 484 1.20 .40 34 243 :
2-9 1.12 .58 35 3.94 .89 .55 20 186 112 .58 34 290
2-10 .96 40 69 7.54  1.07 34 58 6.84  1.20 .54 .89 6.30
2-11 1.37 42 48 6.73 .63 .39 31 391 137 .60 66 215
2-12 1.36 .40 48 490 104 .37 27 4.90 .25 55 43 3.30
2-13 79 .34 46 2.59 71 .36 41 520 122 50 45 450
2-14 .76 .30 .43 4.18 .73 .30 .31 3.85 92 51 40 3.89
2-15 77 .32 50 5.76 .64 21 35 389 1.00 47 43 465
Phenobarbital gr iii h.s.
2-16 .56 .32 19 231 62 .23 J2 218 .68 52 28 3.43
2-17 86 .26 .25 3.53 76 J4 27 240 95 39 47 3.60
2-18 .80 31 49 6.32 .GG .19 42 575 .80 .38 .68  5.60
2-19 .63 16 41 5.27 57 14 .28 534 .70 32 53 5.68
2-20 73 25 .31 4.30 .52 .16 27 370 .56 35 56 4.92
Drug discontinued
2-21 1.10 .24 24 2.64 72 .23 22 292 1.03 .33 .38 3.40
2-22 .60 .20 32 551 .65 .20 25 3.40 73 .38 .54 3.80
2-23 .64 .27 25 3.47 .63 .23 20 5.30 74 32 36 3.97
2-24 67 25 35 3.50 67 A5 34 3.59 .81 32 52 330
2-25 1.05 .20 .33 495 111 15 24 240
2-26 .50 .16 24 3.66 A6 .16 24 240
2-27 .64 16 13 115 .64 13 24 240 )
Avg
1st control 1.04 41 48 5.09 .87 34 34 408 115 54 52 3.96
Drug 72 .26 33 4.35 .63 a7 27 3.89 74 .39 50 465
2nd control .74 .21 27 455 .68 18 25 3.20 .83 .34 45 3.62

humans had been comparable to that given by Longenecker to rats
some cffect would have been noted. It is possible the drug was
conjugated with ascorbic acid in the urine, but this does not occur
in rats and one would expect in this case some reduction in ascorbic
acid values in whole blood or plasma. _

Summary. There was no significant change in whole blood,
plasma, or urinary excretion of ascorbic acid following administra-
tion of 180 mg of phenobarbital daily to human subjects. Twenty-
five mg of crystalline ascorbic acid daily is insufficient to maintain
whole blood or plasma values when the subjects take an ascorbic
acid-free diet.
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Summary. Three nutritively significant encdiol cnmpounds mentioned in above title can
inhibit sarcoma-150 growth. The inhibition by ascorbic acid is enhanced by cupric jons, These
enediols depolymerize DN A, particularly in co-operation with copper. Dehydroascorbic acid
is able to break denatured DNA and to bring about single strand scission for native one.
A mixture of dehydroascorbate and Cu decomposes apurinic acid and liberates deoxy-cytidylic
acid from it. Only the oligo-form pf pyrimidine tetra- and penta-nucieotides is disintegrated by
this reagent. The results were briefly discussed in relation 1o metabolic carcinostasis and to the
formulation of Yamafuji effect causing cellular differentiation and anomalization.

Zusammenfussung, Die im obigen Titel erwalinten, drei nutritiv hedeutenden Endiol-
Verbindungen kinnen Sarkom-150 hemren. Die hemmende Wirksamkeit von Ascorbinsiure
wird durch Cupri-lonen verstirkt. Diese Endiolen depolvmerisieren DNS, besonders unter
Mitwirkung von Kupfer. Dehiydroascorbinsiiure besitzt die Yahigkeit, denaturierte DNS zu
brechen und eine cinstrangige Spaltung fur native Nu leinsivre zu bewirken, Eine Mischung
von Dehydroascorbat und Cu zersetzy Apurinsaure und tiennt daraus Deoxy-cyetidylsiure.
Nur die Oligo-Form von Pyrimidin-Tetra- und Penta-Nneleotiden wird durch dieses Reagens
desintegriert. Die Frgebnisse wurden im Zusataeniang mit der metahbolischen Carcinostasis

und der Formulierung des celiuliren, Difierenzierung und Anomalisation verursachenden
Yamafuji-Effekts kurz diskutiert,

Introduction

It has been previously demonstrated that catecholainines possessinz enediol-
group mhibit twnour and react with nueleic acids (Yamafuji ef o, 1970). As
Vitamin € belongs to the reducton:, we assumed that this acid and some of its
tetabolie products can exhibit similar properties. Although we already reported a
“reoma-inhibition by dehydroascorbic acid (Nakamura and Yawmafuji, 1963), we
have now performed more detailed and extendend Investigations in connection
Wwith the behaviour of ascorbic or diketogulonic acid.

Materials and Methods

ntitumouric Cupacity of dscorbic, Dehydronscorbic and 2, 3-Dilstogulonic Aacids. Male
dN-mice were obtained from Breeding Center as described before (Yamafuji e al,, 1971).
n the present study, ascites from the mouse in 7 10 9 days after injecting sarcoma-180 was
Used as implanting material, The concentration of tumour cells was regulated to 2 10%.0.2 m!
wih Ringer solution and the implantation subeutaneously carried out as stated in the preced-
N paper (Yamafuji and Murakami, 1953). The enediol solution was injected every other day
from 30 hours after implanting tumour and the injection of Ringer solution of the same pH
“ducted in the control. The period of test was 2 weeks, during which mice were fed with a
dict from QOriental Yeast Co. at 25° C.

! 7. Krebsforsch. T, 76
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K. Yamafuji, Y. Nakamura, H, Omura, T. Socda and K. Gyotoku:

Dehydroascorhic acid used in this work was preparcd from ascorbie acid (1009 purity)
with iodine as mentioned previously (Nakamura and Yamafuji, 1968). The preparation
consisted of 649 dehydroascorbic acid, 109, 2.3-diketogluconic acid, 29, L-ascorbic acid and
220, other decomposition products. To prepare 2.3-diketogulonie acid, ascorbic acid was
exidized with K-jodate according to the method of Kagawa and Takiguchi (1962). The analysis
with 2.4-dinitrophenylhydrazine (Roe of al., 1948) indicated that the product is composcd of
649, diketogulonic and 10Y,, dehydroascorbic acid. As preliminary trials showed that an in-
jeeting solution of pH 5.5 is favearable for the antitumour tests of these acidic compounds,
the Ringer solution of the reductones was regulated to this acidity with 0.01 M acetate buffer.
The drugs were applicd in the neighbourhood of transplanted sarcoma.

Breakage of DX A4 by Ascorbic, Dehydronscorbic and 2.3 Diketogulonic Acids. In order to
measure the viscosity-lowering, calf thymus DNA was issolved in 0.15 M NaCl + 0.015 M
Na-citrate (SXC) and mixed with respective reagents, The final coneentration of nucleic acid,
enediols, Cu-sulphate and phosphate buffer {PH 7.0y was 100 pg/ml, 5 % 10-3 7M. 3 % 10-¢ 2\
and 0.1 M respectively, Temperature was 37 C. Effect of anions was examined in the dehydro-
ascorbate-solution coutaining 10-3 M ('y-salts.

To prove the cleavage of long native DNA, a mixtare of thymus nucleic acid (50 pg/ml),
5 % 1073 M dekydroascorbic acid, 3 < 10-4 V[ CuS0, and + :< 10-2 M phosphate buffer {pH 7)
was maintained at 37 C for 60 min, After dinlysing against SSC for 44 hours at 5° C a
Sucrose gradient centrifugation was applied to the solutjon of pH 7 at 30,000 rpm for 4 hours
by Spinco L-ultracentrifuge with SW 39 L roter. For examining whether single strand scission
occurs, the ultracentrifugation of the solution incubated without Cii was performed at pH 12.8.
To investigate the splitting of denutured nucleic acid, DN A was heated at 100° C for 10 min
and cooled rapidly. After reacting with dehydroascorhate (or 4- Cu), the dialysed necutral
solution was fractionated with Spinco-centrifuge,

Decomposition of Pyrimidine Nucleotide Cluster by Dehydroascorbic Aeid. A reaction
mixture containing apurinic acid (200 pzmly prepared with HCl (Tamm o al., 1952), 10-2 )
dehydroascorbate, 109 )] CuSO; and 5 . 107231 phosphiate buffer of pH 7 incubated at
377 C for 12 hours. The solution was gel-filtered throush Sephadex G-50 column and the ab-
sorption spectra of filtrate measured at 260 s A the sane time, the 260 my-speetrum of the
mixture dehydroascorbate - copper was estimated after the incuhation, and the value ob-
tained was subtracted from the test one.

With the aim of identifying the decomposition product, the incubated reactjon mixture of
the same composition as mentioned above was dialysed with a cellulose tubing (Size 20/32 of
Visking Co.) against water for 48 hours at 5°C. The outside solution was freeze-dried and paper-
chromatographed with a solvent, zopropanol 170: HC1 41, For the purpose of determining
the degrec of decomposition. pyrimidine nueleotide was prepared with H,S0, by the method
of Spencer and Chargaff (1961). The preparation from 40 mg thymus DN A was neutralized,
mixed with 0.125 M dchydroascorbic aeid and 0.0125 M CuSO,. After keeping at 37° C for
12 hours, the solution was colutnn-chromatographed with DEAE-cellulose. Apyrimidinic acid
and purine nucleotide were also prepared according to the process proposed by Takemura
(1959) and by Habermann ef al. (1963 respectively. Jt was examined whether these compounds
are decomposed by dehvdroascorbate, applying the procedures similar to those employing
for apurinic acid and pyrimidine nueleotide.

tesults

Antitumouric Capacity of Ascorbic, Dehydroascorbic and 2,3-Dikclogulonic Acids.
The data of animal tests are shown in the table.

The inhibition ratios calculated indicate that ascorbie, dehydroascorbie and
diketogulonic acids have « fairly strong sarcoma-18()-hindering potentiality. The
rclatively low activity of aseorbic acid could be strengthened by copper salt. The
budy weight of niiee was not influenced by the enediol-injection.

Peoclaan of DN A b decorbie, Dekydroascorbic and 2,8-Diketogulonic Acids.
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Antitumor Potency of Ascorbic, Dehydroascorbic or 2, 3-Diketogulonic Acid 3

Table. Antitumour activity of enediols

Agent No. of mice Place of Dose in each Times of in- Avérage Inhibition
injection injection jection Tumour ratio
(mg/kg) weight (g) (%)
Ascorbic 10 Subcuta- 150(AA) 5 2.1 46.5
acid (AA) neous
Ascorbic acid 10 Subcuta- 150(AA) 5 1.2 69.2
+ CuS0O, neous -+ 5.4(Cu)
Control 10 Subcuta- — 5 3.9 —_—
) neous
Dehydro- 10 Subcuta- 120 6 0.5 88.1
ascorbic acid neous
Control 10 . Subcuta- -— 6 4.2 —
neous
2,4-Diketo- 10 Subecuta- 115 5 2.0 54,5
gulonic acid neous
Control 10 Subcuta- — 5 44 —
ncous

concentrationof 5 x 10-% M, but it can be remarkably enhanced by a small amount

of copper.
The curves in ¥ig. 2 revealed further that the kind of anions in Cu-salts has

-no influence upon the viscosity of DNA. In view of the fact that copper exists as a

normal constituent in organisms, there is the possibility that the DN A-depolymeri-
zation occurs powcerfully after injecting enediols.
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Fig. 1. Viscosity of DNA in solutions of
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1o 30 60 90

Time, min.

Fig. 2. Viscosity of DNA in dehydroas-
corbate solutions with various Cu-salts

As depicted in Fig. 3, a gradient centrifugation at pH 7 confirmed actually that
a double strand-cleavage takes place in the portion of comparatively high mf)le-
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alone. Dehydroascorbate of 5 x 10-2 M slightly broke the native DNA and the
preakage was greatly increased by copper.

A centrifugal fractionation of alkaline solution disclosed, however, that a
single strand-scission of native nucleic acid, as is obvious from Fig. 4, can be
prought about by 5 x 10-3 M dehydroascorbate alone.

The denatured DNA is, as indicated in Fig. 5, more easily spilt by dehydro-
ascorbate than native one and the splitting considerably intensified in the presence
of Cu-salt.

Decomposition of Pyrimidine Nucleide Cluster by Dehydroascorbic Acid. That
apurinic acid could be decomposed by the combined action of dehydroascorbate
and copper is evident from Fig. 6. The curve suggested that the molecular weight
of the product is pretty low.

Since it was found in preliminary tests that the product can pass through
Visking-cellulose tube, its separation was performed using this membrane. As is
¢lear from Fig. 7, deoxy-cytidylic acid only was detected by chromatography.
Apyrimidinic acid, however, was not disintegrated by dehydroascorbate + Cu.

Finally, as can be scen from Tig. 8, it was obscrved in the column-chromato-
graphic analysis that dchydroascorbic acid in cooperation with copper decomposes
pyrimidine tetra- and pentanucleotides. The decomposition of pyrimidine mono-,
Jdi- or trinucleotide did not occur in this ease. In the control, we confirmed that
the disintegration of purine nucleotide is not caused by the same treatment.

o—>o Dehydroascorbic acid + Cu
o---a Control
-
0.2
o
©
N
()
s}
o1
* Mono Di Tri Tetra Penta
(o] x .
200 400 600 800

Volume of eluent, ml

Fig. 8. Column-chromatography pattern of pyrimidine nucleotide after treating with dehydro-
ascorbate 4 Cu

Discussion

In the preceding study, we have proved that metabolic cancer repression can
be accomplished by the action of Dopa, dopamine, noradrenalin and adrenalin
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Fig. 3. Sedimentation pattern of native DNA
at pH 7 after treating with dehydroaseor-
bate -- Cu

Fig. 4. Sedimentation pattern of native DNA
at pH 12,8 after treating with dehydroas-
corbate
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DNA after treating with -dehydroascorbate
.- Cu

Fig. 6. Gel-filtration pattern of apurinic acid
after treating with dehydroascorbate - Cu
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Fig. 7. Papcr-chromatograply pattern of decomposition product of apurinic acid by dehydro-
ascorbate -+ Cu
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6 K. Yamafuji, Y. Nakamura, H. Omura, T. Soeda and K. Gyotoku:
(Yamafuji ¢f al., 1970). Our present investization may represent another example
of biological carcinostasix, starting from vitamin . '

Ascorbic acid is transformed to dehydroascorbic and 2 3.diketogulonic acids in
tissnes. The above-mentioned experiments have demonstrated that these three
encdiols are able to hreak native and dentured DNA. They further produce single
strand scission in double helix-form. Recently it has been found that RNA-poly-
merase ix markedly affected by DNA-breakazes (Vout, 1969; Yamafujict al.
1971 1). The tumour suppression by ascorbate-derivatives is to be attributed
cither to the almurmality of DNA-replication or fo that of mRN\-synthesis,

Tt has also been here discovered that the product of apurinic acitd decomposi-
tion by dehydroascorbate | Cu s deaxy-evtidylic acid. and that only the oligo-
form of p_\“rimi\‘in(-'nu('l(-utid(\s suffers disintegration by this reagent. As the distri-
bution of pyrimidine-rich sequences has been reported already (e.g. Mushinsky
and Speneer, 1970), we can now conclude that ascorbate-metabolites cleaves the
position of such a cluster, according to our sehema (Murakami and Yamafuji. 1970).
Tt is thus assumed that the special eleavage of pyrimidine oligonucleotide-sites of
structural distortion brinus about a genctical alteration, in connection with the
deviation of RNA-polymerase activity. Actually we have corroborated that some
enediol compounds regulate the gene action (Yamafuji e al., 1971-3), which
leads to the formulation of Yamafuji effect causing cellutar differentiation and

anomalization (Yamafuji ef al.. 1971~ 2).
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Seorbutie guinea pigs and man exerete p hvdroxyphenylpy-
avie neid in the urine when given korge amounts of tyrosine or
phenvlalanine (1-5). Since the adninist rafion of ascorbic aeid
sholishes this defeet, it has been coneluded that aseorbic acid has
sn important role in muintaining normal {yvrosine metabolisn,
At one time, ascorbic aeid was proposed as specific cofactor for
phydroxyphenylpyruvie acid oxidase, the enzyvme which eata-
Iyzes the oxidation of p-hivdrosyplienyipyravie avid to homogen-
tisic acid (6).  However, a less specifie role for the vitamin in
this reaction was suggested by the inding that s number of com
pounds such us acid,  posonscorbie  acid, and
strecturally unrelated compounds such s 2,6 dichlorophenol-
indophenol and hydroguinoue could replce ascorbie acid in the
oxidation of tyrosine in rvitro (7, 8). More recent studies (8-10),
have shown that ascorbic acid wnd the compounds which can
replace it act by protecting p-hvdroxyplienylpyrvie acid oxidase
from inhibition by its substrate. This fubibition is unusual in
that it oceurs after a lag periond, and the initial rate of oxidation
of the substrate is unaffected.  Tn the presence of axcorbie neid
or the other reducing apents, the initial rate of oxidation of p-
hydroxyphienylpyruvie acid is continued (10). As a result of
these enzyine studies, it was of interest to determine whether
vitamin C protects p-hydroxyphenylpyruvie acid onidase from
inhibition i rive and maintusins normal tyrosine metabolism by

p-tscorbic

the stine meehani=m.

In this paper, duta will be presented which show that livers of
scorbutic guinea pigs contain the same concentration of p-hy-
dTOxy])lu-n)'l])yrU\'ir acid oxidase aetivity as normal liver. How-
over, the enzyme in the seorbutic liver is vulnerable to substrate
mhibition whercas that in the normald liver is protected by the
aseorbie urid present.  The administration of p-hydroxyphenyl-
PYravie acid has hitthe if any effeet upon the activity of oxidase
M the povinad animal, but in the seorbutic animals over one-half
of the enzyie is inactive 1 hour after a single injection of p-
l'y‘]m-‘.\‘pln*n_\'ll))'ruvi(: acid.

EXPERIMENTAL

Mats rals —p-Hydroxyphenylpyruvie acid was obtained from
f'I. \1 Chemienl Company, Ltd., Santa Monica, California, 2,
r"])u'hlmn;)Iwnnlinduplu-u()l and a.a’-dipyridyl were purchased
T‘Dm Fastinan Organic Chemicals Department, Tuastman Kodak
('_U”'l"”'.\'- Glutathione, L-tyrosine, und a ketoglutarie acid
”“"“—‘ commercial preparations from the Nutritional Biochemieal
Oporation, Cleveland, Ohio.  t-Ascorbic acid wis obtained
Tom Merek and Company, loc. Homogentisic acid was pur-
Hused frons Cylo Chemical (orporation, Los Angeles, California.

Animuals—Male, albino guinea pigs weighing approximately
200 g were plaeed on adiet of cither Purina chow rabbit pellets
and enblhage (mormal diet) or the vitamin Cefree diet prepared
as deseribed by Woodruff ot al. (1)1 Inaddition, some animals
were given the vitamin C-free diet supplemented with 25 mg of
aseorbice neid per diy. After 2 weeks, the animals on the vitumin
Cofree diet developed the typiceal signs of seurvy; weight loss,
swollen joints, and hemorrhages in the knee joints.  The animals
subjected to an intraperitoneal injection of p-hydroxyphenyl-
pyruvie aeid were given 20 my of the neutralized keto ackl per
100 g hody weight 1 hour before being saerificed.  In order to
Le certain that the injection was intraperitoneal, blood samples
were taken 15 minutes after the injeetion amd the plasma level
of the keto weid determined by measuring it as the enol-borate
complex speetrophotometrieally (12). Ineach ease the animals
receiving p-hvdroxyphenylpyravie acid had a high blood level
of the keto acid, in the order of 30 g per ml of plasma,

Preparation of Liver Homogenate—At the time of sacrifice, 6
of liver were homogenized with 12 mi of 0.2y sodinm phosphate
buffer, pli 6.5, with a Potter-Elvehjem type glass homogenizer
at 5°. The homogenate wus centrifuged at 10,000 X g for 10
minutes, and the resulting supernatant fraction was used in the
experiments deseribed below. Protein was determined by the
speetrophiotometric method of Warburg and Christian (13). The
contrifuged homogenate contained approximately 80 mg of pro-
tein per b in both the normal and scorbutie Liver preparations,

Liver Ascorbie Acid Dddermination=-"Two grams of liver were
homogenized with 25 mb of 4 per cent trichloroaeetic acid at 5°,
After centrifugation, suitable aliguots of the deproteinized super-
natant fretion were taken for the determination of ascarhie weid
aceording to the methad of Roe ef al. (14).

Enzyme Assay Methods—Tyrosine trapsaminaze aetivity wus
estimated manometrically as deseribed previously (15). The
homogenate was supplemented with a-ketoglutarate and 2.6-
diehlorophenolindophenol in order to m=ure optinal activate
p-Hydroxyphenylpyruvie acid oxidase was determined specteo
photometrically by following the deerease of the enol-borate com-
plex in the presence of hog kidney tautomerase as deve loped by
Hager of al. (16).  Homogenti=we weid oxilise was detoriaed
manonetrically as deseribed previously (15).

RESULTS
Reactivation of p. Hydroryphenylpyruvie teid Qridase Inhibited
by Ercess Substrate- H ascorbie acild proteets p hydroxyphenyi-

1 Obtained from Nutritional Biochemicn! Corporation, Cleve-
tund, Ohio. -
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Taure 1
Reactivation of substrate-inhibited p-hydroryphenylpyruric acid
oridase with reduced 2,6-dichlorophenolindophenol

The reaction was measured spectrophotometricaliy by following
the disappearance of the enol-borate complex of p-hydroxyphenyl-
pyruvate at 310 mu (10).  The cuvettes contatned 0.42 M borie
acid 0.17 M sodium phosphate buffer, pt 6.2, 15 gmoles of neutral-
ized plutathione, 0.2 ml of keto-enol tautomerase, and 1.0 pmole
of p hydroxyphenylpyruvie acid; aflter equilibrium (0.1 ml of liver
homogenate prepaced from a scorbutic guinen pig was added to
start the reaction. 'Potal volume was 3.0 ml.

Conditions l Initial velocity

{ D, X 108 min
Rate in absenee of reduced dye. ... .. . R5
Rate in presence of reduced dye* .o i hb
Rate during substrate inhibitionf.. ... ... ! 35
Rate after addition of reduced dyet. ... .. ‘ 65

* Cuvettes contained 100 pg of 2,6-dichlorophenolindophenol
added before the substrate and after glutathione.

$ Within 8 minutes the reaction slowed down when dye was
omitted and at this time 100 gg of dye were added to duplicate
cuvettes and reactivation of inhibited enzyme determined during
the next 4 minutes.

pyruvie acid oxidase fram inhibition by its substrate in tive, one
would expeet to find inlibited enzyme in the liver of scorbutie
animals after the administration of p-hiydroxyphenylpyruvie acid.
A means of deteeting inhibited enzyme was supggested by studies
in vitro i which it was found that redueed 2, 6-dichloroplienolin-
dophenol not only ean prevent inhibition by excess subistrate but
also hns the property of reactivating enzyme previously inhibited
by substrate (10, 16) or by prolonged storage (17). This effect
of 2,6 dichlorophenolindaphenol is itlustrated in Tuble 1. 11 ull
of the enzyme is present in an active form, the initial rate of
subistrate disappearance is the same whether or not 2. 6-dichloro-
phenolindophenol i present. However, if part of the enzyme
has heen previously inactivited by excess substrate, redueed dye
reactivates the inhibited portion, and therefore the initial rate
will be greater when 2,6-dichlorophenohndophenol i present.
It is evident that o large fraction of the activity lost by substrate
inhibition in the Hver homogenate from a scorbutic guinen pig
can be restored by 2, 6-dichlorophenolindaphenol (Tuble 1),
Therefore, a comparison of the initial rate of substrute disappear-
ance esstred both with and without the dye permits an esti-
mation of the relative amount of inaetive p-hydroxyphenylpyru-
vie acid oxidase.

Effcet of Intraperitonenl Injection of p-Hydroxyphe nylpyruric
Acid in Normal and Scorbutic Animals— Fighteen puinen pigs
were placed on a pellet and eabbage dict and the sane number of
animals were given the aseorbie acid deficient diet. AMter 19
davs, the two groups were divided and half of each group received
an intraperitoneal injeetion of p hydroxyphenylpyruvie acid 1
hour before sacrifice. The p-hydroxyphenylpyruvie acid oxidase
activity of liver homogenates prepared fram these animals was
then determined speetraphotemetrieally, with and without 2,6-
dichlorophenaolindoplienol, and typieal resubts in the scorbntic
wroup are shown in Pig=c Vand 20 As cnu be observed, the initiad
rate of p-hydroxyplenyipyruvie acid oxidation was the same
whether or not 2,6 dichiloroplienolindophienol was present in the
Lomouenate of an untreated animad (Figo 1D However, in the
homogenate from an animal which had reeeived g Lhydrosyphen
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Fia. 1. p-Hvdroxyphenylpyruvie acid oxidase activity in scor.
butic liver homogenate from a guinea pig not treated by injection

0 4 8

TIME

with p-hydroxyphenyipyruvie aeid.  The reaction was measured
spectrophotometrically.  The cuvettes contuined 0.42 v borie
acid-0.17 m sodium phesphate buffer, pH 6.2, 15 umoles of glu-
tathione, 0.2 ml of keto-enol tantamerase, and 0.25 umole of p-hy-
droxyphenylpyruvie neid; after equilibrium 0.1 ml of & 33 per cent
homogenate wax added to start the reaction.  Total volume was
30 ml. Curre 4, no reduced 2,6-dichlorophenolindophenol pres.
cnt, Curve B, 0.3 pmole of 2,6-dichlorophenclindophenol added
after glutathione nnd before the substrate.

ylpyruvie aeid (Fig. 2), the initial rate wasat least three times as
great in the prescnee of 2,6 dichloraphenolindophenal. Ascorbie
aeid was less effective in reactivating the inhibited oxidase than
the dye. It should be noted that in the presenee of 2,6-dichloro-
phenolindophenol, the activity of the oxidase was about the same
in both homogenate samples, supgesting that approximately two-
thirds of the oxidase had been inactivated in the scorbutie ani-
mals which had reccived the injection.

Since Lirge amounts of the substrate had heen injected, it was
of interest to determine whether any residuad p-hydroxy phenyl
pyruvie aeid remained in the liver of the treated aninuals at the
time of saerifice. Analysis of the liver homogenntes showed that
they contained no detectable amount of the injected compound.
Prolonged diadysis of the homogenate did not reactivate it unles
the dye or aseorbie aeid were added. Thus, the homogenate
from the scarbutic animal teeated with p-hydroxy pheny [pyruvie
acid behaved inall respects ike s preparation of p hy droxyphes:
vipyruvie seid oxidase previously inhibited by excess sabstrate
(10).

The aetivity of phvdroxyphenyipyeruvie seid oxvidase i the
norwal aninals was found to be essentially the same whether of
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got p-hydroxyphenylpyruvie aecid had been administered, and
reduced 2,6-dichlorophenolindophenol had no effeet on the ae-
tivity of these preparations (Table 1), Similar results were ob-
ined in six animals on a vitamin C-deficient diet which was
aipplenzented with 25 myg of ascorbic neid per day. A compari-
son of the results in the normal and scorbutic groups indicates
that the activity of p-hydroxyphenylpyruvie acid oxidase in the
corhutic animals which had received p-hydroxyphenylpyruvie
acid was diminished, and that reduced dye hid the capacity to
reactivate the inhibited cnzyme to the same level as found in
pormal animals (Table 11). 1t should be noted that the level
dfp-hydroxyphenylpyruvie acid oxidase in the untreated scorbutic
spimals was essentially the same as that in the normal group and
was not increased by the addition of 2, 6-dichlorophenolindo-
phenol.  Therefore, it appears that the scorbutic animal can
maintain normal tyrosine metabolism and has the same concen-
trstion of enzyme as the normal animal unless subjected to the
effect of large amounts of p-hydroxyphenylpyruvic acid. It also
sppears {hat under the above conditions in which the p-hydroxy-
phenylpyruvie acid oxidase is inhibited, tyrosine transaminase
and homogentisic acid oxidase are not affected.

DISCUSSION

The data presented indicute that ascorbic acid maintains
normal tyrosine metabolism in vive through the same mechauism
as has been found in vitro (9, 10, 16), that is, by proteeting p-hy-
droxyphenylpyruvie acid oxidase from inhibition. It is of
inferest that inhibited p-hydroxyphenylpyruvie acid oxidase was
found in ouly the scorbutic animuls given p-hydroxyphenylpy-
ravie ucid, and that the untreated scorbutic animals had no
inhibited Jiver enzyme. This finding supports the view that
aseorhic acid is not needed to maintsin tyrosine oxidation under
ordinary cirenmstances or even in the scorbutic state, but it is
required umiler the particular conditions in which inactivation of
plvdroxyphenvipyruvie acid oxidase would otherwise occur.
In uccord with the above data, the aceumulation of suflicient
sibstrate te inhibit p-livdroxyphenylpyruvie aeid oxidase would
be favored by an aduptive inerease in the tyrosine transaminase
selivity,  An increase in the activity of this enzyme has been
demonstruted to occur in rats subjected to stress conditions (18),
ad iy response to treatment with cortisone (19). Feeding extra
Wrosine to rats (20) «lid not alter the p-hydroxyphenylpyruvie
2id oxidase aetivity in the Jiver, but this result is in keeping
%ith the ability of rats to synthesize sscorbie acid,  In contrast,
Buiey pips fed extra tyrosine exereted p-hivdroxyphenylpyruvie
aid in the urine (1, 21), and this defeet is corrected by vitamin
C Without this vitamin, it would be expeeted that deerensed
K“I‘}"llmn,}wn) Ipyruvie acid oxidase activity would help to
Krpetunte the metabalie defeet onee conditions have been es-
tablishiet which favor inhibition of the oxidase.

Although the exact manner in which ascorbic acid protects the
Szyme from rubstrate inhibition is not known, the possibility
st Yo considered that the vitamin is acting indirectly through
Wapent or metabolite to protect the oxidase (22). The effee-
Veness of reduced 2,6-dichlorophenolindophenol in preventing
Wetrate inhibition n vitro is about 700 times that of ascorbic
“on y molar hasis, and the effectivencss of the vitunin pro-
R-“'Sbiw»]_\v deereases upon purifieation of the enzyme (10).  As-
frbie e appears to he much more potent in vive considering
;:Llluj\'_('«)llc't'_l)lrzn i().n"m the Liver than it. I .i” pl‘.\‘\'c. l)livllx}!, .\ul».»'tr.:.liw

bition with purificd enzyme.  Preliminay experiments w ith
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FiG. 2. p-Hydroxyphenylpyruvice acid oxidase activity in scor-
butic liver homogenate from a guinea pig injected intraperitone-
ally with p-hyvdroxyphenylpyruvic acid 1 hour before sacrifice.
The spectrophotometrie assay conditions were as deseribed under
Tig. 1. Curre (A, no ascorbic acid or 2,6-dichlorophenolindophe-
nol present, Curve B, 12 pmoles of freshly prepared r-ascorbic
acid added after glutathione and before the substrate, Curee C,
0.3 umole of 2,6-dichlorophenolindophenol added after glutathione
and before the substrate.

six scorbutic animals given reduced 2, 6-dichlorophenelindo-
phenol dyve several hours before an injection of p-hydroxyphenyl-
pryruvie acid indicate that the dye can prevent inhibition of
p-hydroavphenylpyruvie acid oxidase 1n vivo. More detailed
appraisal of the antiscorbutic activity of 2,6-dichlorophenolindo-
phenol is now under investigation.  These studies, as those with
p-ascorbie acid (23) may help to differentiate some of the non-
specific funetions of vitamin C from those which require Loas-

corbie acid.
. SUMMARY

1. Seorbwtic guinea pigs which received parenteral injections
of p-hydroxyphenylpyruvie acdd have over half of their liver
p-hydroxyphenylpyruvie acid oxidase inhibited 1 hour atter the
injeetion. The innctive enzyme ean e reactivated dnedro by
the addition of either ascorbie acid or, more cffectively, by the
reduced Torm of 2,6-dichlorophenolindophenol.

2. The aetivities of liver tyrosine transaminase and homo-
gentisic acid onidase are not altered by the injeetion of p-hydroxy-
phenyvlpyruvie acid in normal or scorbutie guinen pigs.

3. Seorbutic puinea pigs contain the sune coneentration of
phivdrosyplienyipyruvie neid oxddase in the liver as animals on

a normal diet. .
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Taner H
Effcet of axt injectoon of ph alrocuphenylpurnric acid aw tyrosine fransuminase,
homogenltisic acid oxidase in normal and scorbdic guinea pig liver

Assay conditions. Tyrosine fransuminase SThe Warburg flashs contained 1O ml of a 33 per cent liver homogenate, 0.2 M sodiyy,
phozphate bufler, pll 7.5, 1A pmoles of a-Ketoglutarate, 2 pmoles of a,e’-dipyridyl, 20 pnioles of neutralized glutathione, and 100,
of 2,6 dichlorophenolindophenol dye. The side arm contained 5 gmoles of L-tyrosing in 0.5 ml of the phosphate buffer. Total flnjg
volume was 2.0 ml. p-Hydraryphonyd pyrueie acid oxidase Assayved s deseribed under Fig. 1. Homogentisic acid oxidase —Thr Wy,
burg flasks contained 0.5 mi or 1.0 mb of a 339 liver homogenate, 0.2 M sodium phosphate buffer, pH 6.5, and 0.2 gmole of ferrgyg

p hudrozuphenylpyruvic acid oridase, and

culiate.  The side arm contained 5.0 gmaoles of homogentisie acid in 0.5 ml of the phosphate buffer. "Total fiuid volume was 2.0y
. i I R S .,, ‘ — —_—
Normal animalst I Scorbutic animalst
Inzyme assay*® S e e - -~ i e e e ———
Untreated (933 \ Treated (9) 4 Untreated (8) ' Treated (9)
} umoles of substrate oxidized/kr/g fresh liver§ e
' 25.3 & 1.9

I . H .
Tyrosine transamiias=e. ..o

S . 19.2 ;= 3.3 181 & 3.6 ’ 25.0 £ 7.0
» Hy droxyphenylpyruvie acid oxidase without redueed

32.7 &£ 3.2 126 + 2.9

|
dve . oo T co
pAIlydr(n_\'phonylp_\'ruvic acid oxidase with reduced !

P23 4+ 4.1 { 27.7 + 3.8 20.0 4 4.9 26.1 £ 3.4

1027 ok 114 7.0 & 18.5 77.4 4 12,4

Homogentisie acid oxidase. o000 e .

i
258 + 4.1 l 27.0 4 2.2
YU i
1002 £+ 14.8 t
]

* Pnzyme assays were carried ont at 377 except p-hydroxyphenylpy ruvie acid oxidase, whieh was measured at 25° with and “’ithr);t
dye (2,(}»(liuhlumpln-nulimlnplu!nnl‘). Enzyme aetivities are based upon the initial rute of oxidatton. T'ransaminase activity wus eyl
culated after the initial lag period.

1 Ascorbie acid Tevels: normal iver, 204

1 Numbers in parentheses = nimber of animals.

§ Standard error of the mean is given.  The statistieal significanee of the dilference in p-hydroxyphenylpyruvie acid oxidise in the
animals with and without injection evalinted by the ttest gives a P value of <0.001.

5.5 (mean, 2 standard ervor) mg per 100 g wet weight of liver; scorbutic liver, 1.42 4 034

secorbutic
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T been known for some time that the activity of liver microsomal drug-metabol-
:“’8 enzymes is influenced by many factors such as age, sex, strain and species, as
_CI.I as the nutritional state of the animal. In addition, induction of drug enzyme
“ities hus been shown to occur by foreign compounds including drug substrates,
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ASCORBIC ACID AND DRUG METABOLISM*
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Abstract—Studies in vitro with liver microsomes isolated from vitamin C deficient
guinea pigs have indicated a significant decrease in over-all drug oxidation, as typified
by aniline hydroxylation, aminopyrine N-demethylation and p-nitroanisole O-demethyl-
ation, Concommitant with decreased over-all drug oxidation, the quantity of cytochrome
P-450 and cytochrome by, and the activity of NADPH cytochrome P-450 reductase and
NADPH cytochrome ¢ reductase also decreased significantly, It was not until the
quantity of liver microsomal ascorbic acid had reached 30 per cent of normal values
(11 pg/g wet weight compared to 3-5 ug/g wet weight) that a marked decrease in over-all
drug oxidation activily, as well as the level and activity of individuat electron transport
components, occurred. In addition, the decrease in drug enzyme activities was not due
to a caloric deficiency in the vitamin C deficicnt guinea pigs, since studies with fasted
animals indicated normal or greater than normal drug enzyme activities. K, studies with
microsomes isolated from normal and vitamin C deficient guinea pigs did not indicale a
corrclation in the apparent affinity of drug substrates such as aniline, aminopyrinc, and
p-nitroanisole with decreased microsomal enzyme activities in the vitamin C deficient
guinea pigs. The K, value of aniline hydroxylase for aniline was approximately four
times higher in normal guinea pig microsomcs while the K, value of N-demethylase for
aminopyrine and O-demethylase for p-nitroanisole was in the order of four times
higher in the vitamin C deficient guinea pig microsomes. Studies concerned with
aniline-cytochrome P-450 binding spectra indicated an atypical altered spectrum with
microsomes isolated from vitamin C deficient animals. The usual trough of the spectrum
shifted from 390 to 405 nm and the usual peak of the specirum shifted from 430 to 440
nm. Also, the intensity of the trough and peak was at least 50 per cent lower than
normal. Administration in vive of ascorbic acid to vitamin C deficient animals was
followed by reversal of over-all drug oxidation activities, quantity of cytochrome
P-450, NADPH cytachrome P-450 reductase activity and altered aniline-cytochrome
P-450 binding, but these changes required at least 6 days of treatment to return to normal
even though normal levels of liver ascorbic acid were established within 3 days. Pheno-
barbital induction studics indicated that the microsomal protein-synthesizing system
responds to such treatment in vitamin C deficient guinea pigs, and the increase in drug
enzyme activities and the level and activity of electron transport components are equal
to, if not greater than, those observed in normal animals. Alternative pathways involving
an ascorbic acid dependent NADH oxidase system, which has been shown to be
capable of metabolizing drugs in the absence of a microsomal NADPH P-450 reductase
system, have been considered. The significance of vitamin C deficiency in human drug
therapy has been discussed.

This study was supported by Grant GM 17184 from the National Institutes of Health, United
s Public Health Scrvice and in part by Grant 23007 from HofTmann-La Roche, Inc,
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insecticides, food additives and polycyclic carcinogenic hydrocarbons such as
3-methylcholanthrene.'+?

In regard to nutrition, previous studies in vivo in vitamin C deficient guinea pjs,
have suggested a role for ascorbic acid in drug metabolism. Early investigations g\
Richards ef al.® and Richards* indicated that vitamin C deficient guinea pigs wer,
morc sensitive to pentobarbital and procaine than animals not deprived of tp,
vitamin. In 1954, Axelrod et al.’ showed a significant increase in the plasma biologicy
half-life of acetanilide, antipyrine and aniline in guinea pigs depleted of ascorbj;
acid. These studies in vivo indicated that the rate of hydroxylation of these compoung.
was markedly reduced in vitamin C deficiency. In addition, Conney ef al® have showy,
that vitamin C deficient guinca pigs, with no obvious signs of scurvy, had a markeg
sensitivity to the muscle relaxant zoxazolamine. The increased duration of this dry,
in viro could be explained by a concomitant decrease in its oxidation in vitro in vitamip
C deficient guinea pig liver microsomes. In 1968, Degkwitz et al.” reported thy
scorbutic guinea pigs have a marked reduction in the hydroxylation of coumarjy
Recently Kato et al.® have shown that the hydroxylation of aniline, hexobarbital angy
zoxazolamine decreased in guinea pigs on a vitamin C free diet for 12 days. Howevor
the N-demethylation of aminopyrine, diphenhydramine and meperidine was noi
affected, nor were there changes in the O-demethylation of p-nitroanisole and the
reduction of p-nitrobenzoic acid and p-dimethylaminoazobenzene. In addition, these
authors found no significant decrease in individual liver microsomal electron transpon
components, such as cytochrome P-450.

In general, the previous studies, which have been in the main investigations in tivo,
have shown decreased metabolism of a variety of pharmacological agents in vitamin
C deficient animals, although some of these reports are conflicting as to the type of
over-all oxidation reactions afTected. In addition, very little information is available
in regard to the underlying biochemical basis of decreased drug metabolism in vitamin
C deficiency. The data prescnted in this paper are concerned with the type of over-all
drug oxidation reactions, such as N-demcthylation, O-demcthylation and hydroxyl-
ation, aflected by ascorbic acid deprivation for various lengths of time as well as the
reversal of the impairment in deficient animals. Tn addition, data are presented on the
level and activity of various liver microsomal electron transport components in normal
guinea pigs and guinea pigs maintained on a vitamin C deficient diet for 10 and 21
days. Kinetic studics with microsomes isolated from normal and vitamin C deficient
guinea pigs were done to determine the apparent Michaclis-Menten affinity constants
of various drug ecnzymes for substrates and cofactors. Studies on the binding charac-
teristics of cytochrome P-450 and drug substrate in normal and vitamin C deficient
guinea pig microsomes are given. Furthermore, experiments using phenobarbital to
induce the liver microsomal drug-metabolizing system were carricd out in normal and
vitamin C deficient guinea pigs to examine the effect of vitamin C dcficiency on the
induction of microsomal protein, electron {ransport components, and over-all drug
oxidation.

MATERIALS AND METHODS
Aniline and p-nitroanisole were obtained from Fisher Scientific Company. Amino-
pyrine was obtained from K & K Laboratories, Inc. Glucose 6-phosphate, NADP.
NADPH, cytochrome ¢, ascorbic acid deficient dict (guinea pig), and L-ascorbic acid
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were obtained from Nutritional Biochemical Corp. Glucose-6-PO, dehydrogenase
(Grade 1I; 0-9 units/mg) was obtained from Sigma Chemical Company. Carbon
monoxide was obtained from Matheson Gas Products. Phenobarbital (sodium) was
obtained from Amend Drug & Chemical Company. Ascorbyl palmitate was obtained
from Hoffmann-La Roche, Inc.

Vitamin C deficient guinea pigs. Groups of male albino guinca pigs (200-250 g) were
placed on a vitamin C free diet for either 10 days or 21 days. The animals which were
on the diet for 10 days showed no significant weight loss, had no joint hemorrhages,
and their liver ascorbic acid level was approximately 6 mg/100 g. The animals on the
diet for 21 days also showed no appreciable weight loss and on sacrifice had slight leg
joint hemorrhages; their liver vitamin C level was 2-5 mg/100 g.

Groups of normal guinea pigs (200-250 g) consisted of animals which were fed a
regular Chow diet or animals on a vitamin C deficient diet supplemented with 50 mg of
ascorbic acid/day in their drinking water. There was no appreciable difference in these
two groups of animals in that their average weight was 260-280 g and their liver
ascorbic acid level was in the order of 20 mg/100 g. In the experiments reported, the
control animals were placed on a vitamin C dict supplemented with 50 mg of ascorbic
acid/day in their drinking water.

Fasted guinea pigs. Male albino guinea pigs (200-250 g) were fasted for 34 days.
They received 50 mg of ascorbic acid/day in their drinking water. At the end of the
fourth day the animals had lost 20-25 per cent of their body weight and their liver
ascorbic acid level was approximately 15 mg/100 g.

Phenobarbital induction. Groups of normal and vitamin C deficient (21 days) male
albino guinca pigs were given sodium phenobarbital in their drinking water which
contained 1 mg of sodium phenobarbital/ml for 4 days. The guinea pigs drank on the
average of 30-40 ml/day. There was no significant difference in the water consumption
in the two groups. Preliminary experiments with normal and vitamin C deficient
animals indicated that maximal induction occurred between 3-5 and 4 days of
Phenobarbital administration.

Preparation of guinea pig liver microsomes. Guinca pigs were dccapitated, ex-
sanguinated, and their livers were quickly removed and placed on ice. All following
procedures were performed at 4°. Homogenates (209, w/v) were prepared with
115% KCl in 0-002 M tris buffer, pH 7-4, with a Potter-Elvehjem homogenizer. The
crude homogenate was spun at 15,000 g for 15 min. The 15,000 g supernatant fraction
tontaining the microsomes was spun at 100,000 g for 60 min at 2°. The microsomal
pellel was suspended to one-half of the 15,000 g supernatant volume with 1-15% KCl
n0-002 M tris, pH 74, and the protcin concentration was in the order of 8--10 mg/ml.
All enzyme assays were performed on freshly prepared microsomes.

p-Nitroanisole O-demethylase activity. Microsomal p-nitroanisole O-demethylase
dctivity was determined by measuring the product of the reaction, p-nitrophenol, at
f“5 nm as previously described.?!® O-demethylase activity was calculated from the
Mitial rate of the reaction which was linear with time for at least 15 min. Under the
‘onditions of the assay, 1-0 pg of product, p-nitrophenol, gives an optical density
reading of 0-082 at 415 nm.

The specific activity of O-demethylase is expressed as micromoles of p-nitrophenol
formedq per hour per 100 mg of microsomal protein at 27°,

Aminopyrine N-demethylase activity. Microsomal aminopyrine N-demethylase
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activity was determined by measuring the formaldehyde formed during the demethyl.
ation of aminopyrine to 4-aminoantipyrine. The liberated formaldehyde is measured
by the colorimetric procedure of Nash!* which is based on the Hantzsch reaction,
The rate of the reaction was linear with time for at least 60 min and proportional o
enzyme concentration. Under the assay conditions, the formation of 1 pg of HCH()
gives an optical density reading of 0-088 at 412 nm.

The specific activity of N-demethylase aclivity is defined as micromoles of HCHO
formed per hour per 100 mg microsomal protein at 27°.

Aniline hydroxylase activity. Microsomal aniline hydroxylase activity was deter.
mined by measuring the product, p-aminophenol, after formation of a complex with
phenol reagent at 660 nm according to the method of Brodie and Axelrod.'? The rate
of the reaction was linear with time for at least 60 min and proportional to enzyme
concentration. Under the assay condition, the formation of 1 pg of p-aminopheuo]
gives an optical density reading of 0-100.

The specific activity of aniline hydroxylase activity is expressed as micromoles of
p-aminophenol formed per hour per 100 mg microsomal protein at 27°.

NADPH-cytochrome ¢ reductase activily. Microsomal NADPH-cytochrome ¢
reductase activity was based on the absorbance of reduced cytochrome ¢ at 550 nm
according to the method of Williams and Kamin.’?® The reaction was followed in a
Gilford 2000 recording spectrophotometer, and the rate of the reaction was linear
with time for at Jeast 20 min.

Under the conditions of the assay the molar extinction coeflicient of reduced cyto-
chrome ¢ is 6:37 mM~'em~1.** The specific activity of NADPH-cytochrome ¢
reductase activity is expressed as micromoles of cytochrome ¢ reduced per hour per
100 mg microsomal protein at 27°.

Cytochrome bs. The determination of the quantity of microsomal cytochrome b is
based on the method of Omura and Sato.'* The amount of cytochrome b5 present in
the microsomes is measured after its reduction with sodium dithionite at 426 nm.

Under the conditions of the assay, the molar extinction coeflicient of reduced cyto-
chrome bs is 171 mM ™ tem™*.** The specific activity of cytochrome bs is expressed as
micromoles of cytochrome by per 100 mg liver microsomal protein.

Cytochrome P-450. The quantity of microsomal cytochrome P-450 was determined
by the method of Omura and Sato.!s Cytochrome P-450 is reduced with sodium
dithionite and complexed with CO; the latter complex absorbs light at 450 nm. The
amount of reduced cytochrome P-450 was proportional to the amount of microsomal
protein present. Under the conditions of the assay, the apparent molar extinction
coefficient of the reduced P-450-CO complex is 91 mM~'em™".

The specific activity of cytochrome P-450 is expressed as micromoles of cytochrome
P-450 per 100 mg of microsomal protein.

NADPIH cytochrome P-450 reductase. The determination of microsomal NADPH
cytochrome P-450reductase activity was based on the formation of reduced cytochrome
P-450-CO by NADPH. The reaction was followed in a Gilford 2000 recording spectro-
photometer at 15°. A 6-0-ml aliquot of microsomes (8 mg protein/ml) was placed in a
Erlenmeyer flask, capped and placed in an ice bath. Carbon monoxide (previously
passed through a solution of 0-57; sodium dithionite in 0:10 N NaOH) was bubbled
through the microsomal suspension with a 20-gauge needle for § min. Afier this
time, 3-0 ml of the microsomal suspension was transferred with a syringe to a rubber

O A,.‘.......A-r.; ot ia.'miii.
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capped cuvette (10 mm light path) which had been previously evacuated for 3 min.
The sealed cuvette was placed in the spectrophotometer, and the absorbance due to
the microsomes was offset to 0 absorbance at 450 nm. Control readings prior to the
addition of NADPH were recorded for 10-15 sec. The reaction was initiated by the
addition of 0-05 ml of NADPH (final concentration, 8-30 x 10~* M) with a syringe
and mixed with the microsomal suspension (4-6 sec).

The activity was calculated based on an early rate of 4 sec extrapolated to zero time.
The 4-sec rate was used since during this time the velocity of the reaction was, in each
case, linear with time (2-3 assays/microsomal preparation) and proportional to
enzyme concentration. The rate of the reaction was followed for at least 40 sec and
under the assay conditions was found to be linear during this time. In all assays,
however, 4-sec rates were used since comparisons could be made with reaction rates
at 27°, At this temperature, reaction rates were lincar with time for 4 sec, but not
thereafter; after 4 sec a slower rate occurred similar to those reported.'®~'® The
caleulated Q,, of the reaction, using 4-scc rates, was 1-91.

Specific activity is defined as micromoles of cytochrome P-450 reduced per hour per
100 mg liver microsomal protein at 27°, using a molar extinction coefficient of 91-0
mM~!cm~1, '

Aniline-cytochrome P-450 binding spectrum (type 1I). Aniline (S mM) was added to a
microsomal suspension (2:0 mg protein/ml of 0-05 M tris, pH 7°5). The experimental
cuvette (aniline-treated) was scanned from 360 to 500 nmi at 5-nm intervalsin a Gilford
2000 spectrophotometer. The absorbance at each wavelength minus the absorbance
2t 500 nm was recorded. The usual type Il spectrum was obtained with a trough at
390 nm and a peak at 430 nm.'® The intensity of the trough and pcak was proportional
to the concentration of cytochrome P-450 present since aniline was added in excess.

Guinea pig liver ascorbic acid determination. Ascorbic acid was determined in
15000 g supernatant fractions and microsomes by a micro modification of the
phenylhydrazine method of Roe and Kuether.2® Proportional reduction of all
reactants were made to give a total fluid volume of 0-92 ml. Under the conditions of
the method, 10 pg of the phenylhydrazine derivative of dehydroascorbic acid gave an
0.D. reading of 0-090 at 540 nm.

Protein was determined with the method of Lowry et al.2* Crystalline bovine serum
albumin, Fraction V, was used as a standard.

RESULTS

Drug metabolism in normal and vitamin C deficient guinea pigs. Male albino guinca
Pigs (200-250 g) were maintained on a vitamin C deficient diet for 10 and 21 days.
Normal animals were maintained on a vitamin C deficient diet supplemented with 50
Mg of ascorbic acid in their drinking water. All animals were selected from a single
group. The activity of over-all drug oxidation reactions as typified by aniline hydroxyl-
ation, aminopyrine N-demethylation, and p-nitroanisole O-demethylation and the
level and activity of liver microsomal electron transport components such as cyto-
throme P-450, cytochrome bs, NADPIH cytochrome P-450 reductase and NADPH
Stochrome ¢ reductase were determined (Table 1). As can be observed, there was no
Slgniﬁcanl decrease in over-all drug oxidation activity or in the level and activity of
Microsomal electron transport components in the guinea pigs maintained on a vitamin

-deficient diet for 10 days. After 10 days on the deficient diet, the amount of ascorbic
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acid in the liver was approximately 30 per cent of normal bascd on the 150
supernatant fraction (194 vs. 62 ug/g wet weight) and 50 per cent of normal baseq on
the microsomal fraction (11 vs. 6 ug/g wet weight). In contrast to these results, 8Uing,
pigs that were on the vitamin C deficient diet for 21 days showed a marked decrease in
both over-all drug hydroxylation activity and electron transport components. Anjj,.
hydroxylase activity decreased 50 per cent; aminopyrine N-demethylase actjyj;,
decreased 56 per cent; and p-nitroanisole O-demethylase activity decreased 66 Dc'r
cent. The amount of cytochrome P-450 decreased 40 per cent, and the activity
NADPH cytochrome P-450 reductase decreased at least 85 per cent: not as signific.
antly, however, NADPH cytochrome ¢ reductasc activity and the level of cytochrom,
b, decreased 33 per cent. It is important to point out that, concomitant with f,
decrease in over-all drug oxidation activity and microsomal electron transpon
components, there was a further decrease in the amount of ascorbic acid in the 15 g
g supernatant fraction (60 per cent) and microsomal fraction (42 per cent) in
guinca pigs maintained on the vitamin C deficient dict for 21 days as compared 1,
guinea pigs on the dict for 10 days.

TanrlE 1. ErFect oF VITAMIN C DrriciENCY (10 AND 21 days) ON DRUG ENZYMES AND ELECTRO\
TRANSPORT COMPONENTS IN GUINEA PIG LIVER MICROSOMES

Activity*®
Normal Vitamin C deficient Vitamin C deficient Decrease
(10 days) (21 days) (%)
Aniline hydroxylasc 16 -+ 02 1-3 + 01 08 -4 02 50
P < 0001 P < 0-001
Aminopyrine N-demethylase 39 4 01 33 4 04 17 -- 03 56
P < 0001 P < 000!
p-Nitroanisole 32 4 04 30 + 02 111 4- 02 66
0O-demcthylase P < 0001 P < 0-001
Cytochrome P-450 005 4. 0:01 0-05 +4- 0-001 0-03 4- 0-003 40
P < 001 P < 001
NADPH cytochrome 0-80 4- 0-2 0-87 - 0-33 < 0101 85
P-450 reductase
NADPH cytochrome ¢ 124 4 21 167 4 20 83 -+ 11 13
reductase P < 005 P < 005
Cytochrome bs 0-03 -§- 0-004 0-03 4: 0-003 0-02 4- 0-006 33
P > 005 P> 005
Liver ascorbic acid
Supernatant fraction 194 +4- 29 62 4 15 25 4+ 15
15,000 g (ug/g wet weight)
Microsomal fraction 11 4 38 6 4+ 09 35420

(1glg wel weight)

* Assay conditions and units of activity are given in Materials and Methods.
+ This value is a lower limit of detection. Mean -+ S.E. of 10 animals per group.

1t should be mentioned that experiments in vitro in which attempts were made to
restore the activity of aniline hydroxylase, aminopyrine N-demecthylase, and p-
nitroanisole O-demethylase in vitamin C deficient guinea pig microsomes were un-
successful. Neither the simultancous addition of ascorbic acid (2:3 x 1072 M) and
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substrate, nor the pretreatment of the vitamin C deficient guinea pig mi.. «mes with
the vitamin had any effect in restoring over-all drug oxidation activity

Although the animals on the vitamin C deficient diet for 21 days .~ rnot have
appreciable weight loss (at most 5 per cent), it was important to be v - that the

observed effects on drug metabolism were not due to a diminished cai- . take by
these animals, since it is known that drug metabolism is influenced by t: - nutritional
state of the animal.??

Guinca pigs were deprived of food for 3 days and supplemented with 50 mg of
ascorbic acid/day in their drinking water. During this time the animals lost 20-25
per cent of their body weight. At the end of 3 days the animals were sacrificed, and
overall drug hydroxylation activitics and the activity and level of various electron
transport components were determined (Table 2). In contrast to the animals main-
tained on a vitamin C deficient dict, these animals had, in gencral, an increase in drug
metabolism. Aniline hydroxylase and p-nitroanisole O-demethylase activities increased
approximately 2-fold in the starved animals as compared to normal while amino-
pyrine N-demethylasc activity was not significantly altered. In addition, there was an
increase in the activities of NADPH cytochrome P-450 reductase (7-fold) and NADPH
cytochrome ¢ reductase (1-6-fold) in the starved guinea pig. 1t should be mentioned
that the quantity of liver ascorbic acid in the 15,000 g supernatant fraction and
microsomal fraction was in the same order of magnitude in both groups.

TasLt 2. Ersrcr or vITAMIN C DERICIENCY (21 days) AND STARVATION (3 days) ON THE ACTIVITY OF
DRUG ENZYMES AND FLECTRON TRANSPORT COMPONFNTS IN GUINEA PIG LIVER MICROSOMES

Activity*
Normal} Starved} Vitamin C deficientt
Aniline hydroxylase 16 4- 0-2 32 405 08 + 02
Aminopyrine N-demethylase 39 4 0l 48 + 12 17 + 03
p-Nitroanisolc O-decmethylase 32 404 62 - 02 11 4 02
Cytochrome P-450 0-05 -+ 001 0:07 + 0017 0-03 -1 0-003
NADPH cytochrome P-450 reductase 08 -t 02 54 + 195 < 01
NADPH cytochrome ¢ reductase 124 - 21 205 4. 25 83 4 11
Cytochrome bs 0-03 -- 0-:004 0-03 -}- 0:012 0-02 -+ 0006
Liver ascorbic acid
Superpatant fraction 15,000 g
(uglg wet weight) 194 £ 29 144 + 24 25 4 15

Microsomal fraction (ug/g wet weight) 11 + 38 13 4- 22 35 4+ 20

* Assay conditions and units of activity are given in Materials and-Methods.
t Mean 4 S.E. of 10 animals per group.
* Mean - S.E. of 8 animals per group.

K., determination in liver microsomes from normal and vitamin C deficient guinea
pigs. In general, there was no apparent correlation in the K,, values for various
substrates (Table 3) and decreased drug metabolism activity in vitamin C deficient
8uinea pig liver microsomes (Tablc 1). For example, the K, value of aniline hydroxyl-
ase for aniline was approximately four times higher using normal guinea pig micro-
somes as compared to vitamin C deficient guinea pig microsomes. In contrast, the Ko
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value of N-demethylase for aminopyrine or O-demethylase for p-nitroanisole was jj
the order of three to four times higher using vitamin C deficient guinea pig microsomeg,
Furthermore, the X,, value of NADPH cytochrome ¢ reductasec for NADPH wag in
the same order of magnitude with both microsomal preparations. In addition, deter.
mination of V., values indicated no significant differences existed in the valye
between the normal and vitamin C deficient animals. Although some of the decreaseq
activity of aminopyrine N-demethylase and p-nitroanisole O-demethylase in vitamjy,
C deficient guinea pigs may be explained, in part, by a lower affinity of these enzyneg
for their substrates, the decreased activity in aniline hydroxylase and NADPH cytq.
chrome ¢ reductase cannot be due to an alteration in the apparent affinity of these
enzymes for their respective substrates.

Investigations from many laboratories have shown that an obligatory initial step
in over-all drug metabolism is the binding of drug substrate with microsomal cyto.
chrome P-450.1%:2% A comparison was made of drug substrate binding with micro.
somes isolated from normal and vitamin C deficient guinea pigs. For these studies 3
representative type II substrate, aniline was used since this compound gave repro.
ducible and consistent typical type 11 spectra with normal guinea pig microsomes
(minimum absorption at 390 nm, maximum absorption at 430 nm).

TABLE 3. APPARENT MICHAELIS-MENTEN AFFINITY CONSTANTS (K) FOR OVER-ALL HYDROXYLATION

REACTIONS*
Normal Vitamin C deficient
(21 days)
Aniline hydroxylase 173 x 10-* M 46 x 10°*M
Aminopyrine N-demethylasc 17 x 1073 M 40 x 1073 M
p-Nitroanisole O-demethylase 45 x 105 M 153 X 1073 M
NADPH cytochrome ¢ reductase 35 x 107 M 28 x 107 M

* Assay conditions for aniline hydroxylase, aminopyrine N-demethylase, p-nitroanisole O-demethyl-
ase and NADPH cytochrome ¢ reductase, were carried out as described in Materials and Mcthods.
Eight concentrations of each substrate were used in the following range of concentrations: aniline:
5.0 % 10°* M-1-6 x 107* M; aminopyrine: 27 X 107% M-5:0 x 10~* M; p-nitroanisole: 1-8 x
1073 M-1:8 x 1074 M; and NADPH; 50 x 1075 M-5-0 X 10~% M. K,, values shown are derived
from a double reciprocal plot of 1/vclocity of product formed vs. 1/substrate concentration.

Aniline -cytochrome P-450 binding spectra in normal and vitamin C deficient guinea
pig microsomes. The treatment of normal guinea pig microsomes with aniline resulted
in a typical type 11 spectrum with a trough at 390 and a peak at 430 nm. On the other
hand, the treatment of vitamin C deficient guinea pig microsomes with aniline resulted
in an altcred spectrum (Fig. 1). The trough of the atypical spectrum was at 405 instead
of 390 nm for the normal spectrum, and the peak of the atypical spectrum was at 440
instead of 430 nm for the normal spectrum. In addition to a shift in the trough and
peak, there were marked differences in the absorption intensity in the atypical vitamin
C deficient aniline-cytochrome P-450 spectrum. There was an 80 per cent decrease in
the peak and a 60 per cent decrease in the trough (Fig. 1). Also, the general shape of
the atypical spectrum was less symmetrical than that obtained with normal guinca pig
microsomes. The addition of ascorbic acid (2:3 x 1073 M), either before or after the
addition of aniline, to vitamin C dcficient guinea pig microsomes had no effect in
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Fie. 1. Aniline~cytochrome P-450 binding spectra (type II) in normal and vitamin C deficicnt guinea

pigs (21 days). Substrate difference spectra were obtained as described in Materials and Methods. The

final concentration of aniline was 5 mM and the concentration of microsomal protein was 2 mg/ml.
The difference spectra were obtained following the addition of aniline to the microsomes.

restering the altered spectrum to a typical type 11 spectrum. It should be mentioned
that the microsomes isolated from animals on a vitamin C deficient diet for 10 days,
which had normal over-all drug metabolism activity and electron transport com-
ponents, also showed normal aniline-cytochrome P-450 binding spectra.

Reversal in vivo of altered drug metabolism activity in vitanin C deficient guinca
pigs with ascorbic acid. Groups of guinea pigs which had been on a vitamin C deficient
diet for 21 days were given 50 mg of ascorbic acid/day in their drinking water for 3, 6
and 10 days. At the end of these times the animals werce sacrificed, liver microsomes
prepared, and the activity of over-all drug oxidation (aniline hydroxylase, amino-
Pyrine N-demethylase, and p-nitroanisole O-demethylase) and the quantity and
tivity of individuat electron transport components were determined. As'can be seen
in Fig. 2, aniline hydroxylase activity required 6days to return to normal, O-demethyl-

Aniiine Aminopyrine p-Nitroanisole
hydroxytase MN-demethylase O-demethylose
40 |~ %
/J
X ool
=
2
9 20 o /]
g [a‘} 7
10 _ i g
L j ,
Lisd

03610
DAYS OF ASCORBIC ACID ADMINISTRATION

Fi. 2. Reversal of decreased aniline hydroxslasce, aminop):inc N-demethylase and p-nitroanisole

“demethylase activitics in vitamin C deficient giinea pigs with ascorbic acid. Groups of normal and

“Mamip O deficient guinca pigs (21 days) were given 50 mg of ascorbic acid in their drinking water

"r 3, 6 and 10 days as described in Materials and Mcthods. Aniline hydroxylase, aminopyrine V-

\‘mc‘hzhsc and p-nitroanisule O-demethylase were determined as described in Materials and

Tethods, Enzyme activity cquals the micromoles product formed per hour per 100 mg liver wmicro-
somal protein at 27°,
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ase activity required 10 days, whereas N-demethylase activity had reached only 80 .
per cent of normal after 10 days. The time for reversal was similar for electron trans.
port components in that cytochrome P-450 required 10 days to reach normal levels ag
did cytochrome b5 and NADPH cytochrome P-450 reductase {Fig. 3). NADPH

NADPH P-450 NADPH-cyt.c
Cyt. P-450 Cyt. b5 reductase reductose
006 15 |- 120 + [
> g
> 005 - 100 |-
s S 7
I~ 004 2 10+ 2o t- §
= [ g £
g 003 2 60 |-
2 002 E , os |- 1 a0l 0 ﬂ
00l F”i H'; 20 |- wa—
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E E 1 | i ikl
03610 03610 03610 03610

DAYS OF ASCORBIC ACID ADMINISTRATION

FiG. 3. Reversal of decreased electron transport components in vitamin C deficient guinea pigs with
ascorbic acid. Groups of normal and vitamin C deficient guinea pigs (21 days) were given 50 mg of
ascorbic acid in their drinking water for 3, 6 and 10 days as described in Materials and Methods,
Cytochrome P-450, cytochrome bs, NADPH cytochrome P-450 reductase and NADPH cytochrome
¢ reductasc were determined as described in Materials and Methods. The quantity of cytochrome
P-450 equals the micromoles per 100 mg liver microsomal protein. The quantity of cytochrome b,
equals the micromoles per 100 mg liver microsomal protein. NADPH cytochrome P-450 reductase
equals the micromoles of cytochrome P-450 reduced per hour per 100 mg liver microsomal protein
at 27°. NADPH cytochrome ¢ reductase cquals the micromoles of cytochrome ¢ reduced per hour
per 100 mg liver microsomal protein at 27°,

cytochrome ¢ reductase activity did not return to normal even after 10 days and, in
fact, was maintained at the low 10-day level for at least 16 days. Of significance is the
fact that the quantity of liver ascorbic acid in both the 15,000 g liver supernatant
fraction and microsomal fraction had returned to normal levels within 3 days of
ascorbic acid feeding, while over-all drug oxidation activity and electron transport
component levels were still depressed (Table 4).

TABLE 4. LIVER ASCORBIC ACID IN VITAMIN € DEFICIENT GUINEA PIGS (21 days) BEFORE AND AFTER ORAL
ADMINISTRATION OF ASCORBIC ACID

Supernatant fraction

15,000 ¢ Microsomal fraction
(ng/g wet weight) (ug/g wet weight)
Normal 194 11-0
Vitamin C deficient (21 days)* 25 35
Vitamin C deficient - ascorbate (3 days) 258 180
Vitamin C deficient 4- ascorbate (6 days) 241 270
Vitamin C deficient 4- ascorbate (10 days) 227 120

* Guinca pigs were on the vitamin C deficient dict for 21 days and groups of 4 were piven 50 mg
of ascorbic acid/day in their drinking water for the length of time indicated in the table. Ascorbic
acid was determined in the liver 15,000 g supernatant fraction and microsomal fraction according to
the method of Roe and Kucther?® as described in Materials and Methods.
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The aniline—cytochrome P-450 binding spectra with microsomes isolated from
vitamin C deficient guinea pigs which were given ascorbic acid for 3, 6 and 10 days is
shown in Fig. 4. As with over-all drug metabolism activities, the typical binding
spectrum, that is a trough at 390 and a peak at 430 nm, was not obtained in 3 or 6
days, but was obtained after 10 days of ascorbic acid administration.
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Fic. 4. Reversal of altercd aniline~cytochrome P-450 binding spectrum in vitamin C deficient guinea

pigs (21 days) given ascorbic acid. Substrate difference spectra were obtained as described in Materials

and Mcthods. The final concentration of aniline was 5 mM, and the concentration of microsomal

protein was 2 mg/ml. The difference spectra were obtained following the addition of aniline to the
microsomes.

The results with administration in vivo of ascorbic acid indicate that although
normal levels of ascorbic acid could be achieved within 3days, there was no reversal of
altered drug enzyme activitics or atypical binding of drug to cytochrome P-450 until
at least 10 days. One possibility is that the time required for reversal in vitamin C
deficient guinea pigs depends on the occurrence of newly synthesized microsomal
nrotein. Phenobarbital, a potent drug enzyme inducer which acts by causing a specific
Increase in microsomal protein, was administered to vitamin C deficient guinea pigs
and normal guinea pigs.

Phenobarbital induction in normal and vitamin C deficient guinea pigs. Induction of
over-all drug oxidation activitics (aniline hydroxylase, aminopytine N-demethylase,
and p-nitroanisole O-demethylase) and microsomal electron transport components
occurred in both normal and vitamin C deficient guinea pigs (Table 5). The fold
torease due to induction (phenobarbital treatment/no treatment) in the vitamin C
deficient guinca pigs was in the same order of magnitude, and in some cases greater,
than the fold increase in the normal guinca pigs. For example, aniline hydroxylase
Wereased 2-1-fold in the vitamin C deficient animal compared to 1-4-fold in the
formal animal, and p-nitroanisole O-demethylasc increased 59-fold in the vitamin C
deficient animal compared to 3-5-fold in the normal animal. Furthermore, the
tference between the level of activity after phenobarbital treatment and basal level
fno treatment) in vitamin C deficient and normal guinca pigs was in the same order of
Wagnitude for cach enzyme activity. As was found with over-all drug oxidation
Chvities, the individual clectron transport components werc also induced in vitamin
Cdeficient guinea pigs and the fold increase was cquivalent to, or in some cases better
than, the normal or vitamin C deficient guinca pigs.
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DISCUSSION

From the studies reported, it is apparent that neither over-all drug oxidation acti-
vities nor levels of microsomal electron transport components are decreased signific-
antly in guinea pigs maintained on a vitamin C diet for 10 days, under conditions
where the concentration of liver microsomal ascorbic acid was 50 per cent of normal.
On the other hand, if guinea pigs were maintained on a vitamin C deficient diet for 21
days where the concentration of liver microsomal ascorbic acid reached approxim-
ately 30 per cent of normal, there was a marked decrease in over-all drug oxidation
activities as well as the level and activity of individual microsomal clectron transport
components. The decrease observed in cytochrome P-450 and NADPH cytochrome
P-450 reductasc activity (40 and 85 per cent respectively) is in contrast to the studies
reported by Kato ef al.® These investigators found no appreciable change in electron
transport components in their vitamin C deficient guinea pigs, but did find a decrease
in the activity of aniline hydroxylase. It should be pointed out, however, that their
animals were much larger (400 g) than those emiployed in this study (200-250 g) and
were placed on a vitamin C deficient diet for only 12 days. Our findings are more
consistent with the studics of Leber ef al.?* who have shown significant decreases in
the demethylation of aminopyrine, the hydroxylation of acetanilide, and the quantity
of eytochrome P-450 in vitamin C deficient animals. It should be pointed out that our
animals on the vitamin C deficient diet for 21 days suffered no appreciable weight
loss (at most 5 per cent) and were not frankly scorbutic. Furthermore, experiments
with fasted animals, that had lost 25 per cent of their body weight, indicate that the
eflects observed in vitamin C deficiency cannot be due to decreased calorie intake,
since over-all drug oxidation activities and microsomal electron transport components
were either normal, or had in fact, increased 2- to 3-fold.

In contrast to the K,, studies where there was no obvious corrclation between
decreased drug enzyme activitics and apparent aflinity constants of drug substratcs,
consistent alteration in the usual aniline-cytochrome P-450 binding spectrum was
found with vitamin C deficient guinea pig microsomes. The aniline-cytochrome P-450
binding spectrum was atypical in that the trough of the spectrum appeared at 405 nm
mstead of 390 nm and the peak occurred at 440 nm instead of 430 nm. There was also
amarked decreasc in the absorption intensity at these wavelengths. The latter finding
can be explained by a concomitant decrease in the quantity of cytochrome P-450 in
Vitamin C deficient guinea pig microsomes. urthermore, dilution of microsomes from
formal guinca pigs to equivalent cytochrome P-450 levels found in scorbutic guinea
Pizs’ microsomes gave the usual aniline-binding spectra with a trough at 390 nm and
2 peak at 430 nm. The atypical aniline-cytochrome P-450 spectrum in vitamin C
deficient guinea pig microsomes may reflect an alteration in the integrity of the
Microsomal phospholipid membrane associated with cytochrome P-450 and ascorbic
@id may be required and necessary for its maintenance. Attempts to restore over-all
“rug oxidation activity, NADPH cytochrome P-450 reductase activity, and allered
ani]inevcytochrome P-450 binding by the addition in vitro of ascorbic acid (2-3 X
10=3 M) (o vitamin C deficient liver microsomes were unsuccessful. This may not be
o surprising if the integrity of the microsomal phospholipid membrane had been
reversibly damaged by the depletion of the vitamin. Attempts to replace ascorbic
Aid with other reducing agents such as glutathione, and 2,6-dichlorophenolindo-
Phenol dye were also ineffective. THowever, ascorbyl palmitate (2:3 X 1073 M), a
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more lipophilic analog of ascorbic acid, did restofe atypical aniline~cytochropm,
P-450 binding spectra to the usual type in that the trough and peak of the spectryp,
were at 390 and 430 nm respectively; however, the absorption intensity at theg,
wavelengths was still decreased as was over-all oxidation activities, both of whicj,
could reflect the lower quantity of cytochrome P-450 which was not restored by
ascorbyl palmitate.

Reversal of decreased microsomal drug-metabolizing activities in vitamin C deficiep,
animals by the administration in tive of ascorbic acid indicate that, although tp,
quantity of liver ascorbic acid was restored to normal levels within 3 days, overy)
drug oxidation activities and levels of clectron transport components were sij||
depressed. Furthermore, the atypical aniline-cytochrome P-450 binding spectra wy
still present at this time. 1t took from 6 to 10 days of ascorbic acid administration ¢
restore most of the drug-metabolizing activities. O-demethylase activity and micry.
somal electron transport components, such as cytochrome P-450 and NADPH
cytochrome P-450 reductase, returned within 6-10 days while aniline hydroxyluse
activity took 3-6 days. Also, when the level of cytochrome P-450 was restored,
aniline-cylochrome P-450 binding spectra also returned to a typical type 11 spectrum,
One possibility to consider is that the time required for reversal may be due 1o the
time needed for resynthesis of liver microsomal protein in the vitamin C deficien
animal. Studies by Levin and Kuntzman??® in the young rat have indicated that there
are two rates of synthesis of the hemoprotcin associated with cytochrome P-450:
fast phase which has a half-lifc of 7 hr, and a slow phase which has a half-life of 4
hr. Studies of rates of synthesis of this protein have not been done in young guinea
pigs, and it would be of interest to determine if the time required for reversal of drug.
metabolizing activities in the vitamin C deficient guinea pigs correlate with the time
required for hemoprotein synthesis in this species. Qur studies with phenobarbital
induction indicate that the protein-synthesizing mechanism in vitamin C deficiemt
guinea pigs is operable and not jeopardized by the depletion of vitamin C. Liver
microsomal cytochrome P-450, NADPH cytochrome P-450 reductase, aminopyrine
N-demethylase, p-nitroanisole, O-demethylase and aniline hydroxylase were all
inducible in vitamin C deficient guinea pigs; in fact, the degree of induction was
equal to and in some cases, as with NADPH cytochrome P-450 reductase, greater
than that in normal guinea pigs.

It is interesting that under the conditions of vitamin C deficiency, all the over-all
drug oxidation activities examined, as well as the level and activity of microsomal
electron transport components, were reduced in the order of 50-60 per cent, except for
NADPH cytochrome P-450 reductase activity which was well below 85 per cent of
normal activity. The possibility should be considered that vitamin C deficient guinea
pigs possess auxiliary systems which are capable of metabolizing drugs. Staudinger ef
al.2¢ have recently identified a microsomal ascorbic acid dependent NADH oxidase
system in rat liver, kidney and adrenals, which, as an oxido-reductive system, was
capable of metabolizing such drugs as acctanilide. We have found that normal and
vitamin C deficient guinea pig liver microsomes also contain NADH-ascorbic acid
oxidase activity in amounts comparable to that found by Staudinger in the rat (0-24
pmoles NADH oxidized/hr/mg microsomal protein in guinca pig compared to 0-40
pmoles in the rat). This enzyme activity in vitamin C deficient goinea pig liver micro-
somes was found to be approximately 50 per cent of the activity of normal guineca pig
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microsomes (0-11 pmoles/hr/mg microsomal protein compared to 0-24 pumoles). This
auxiliary NADH microsomal system may be an important pathway for drug metabol-
ism in the absence of a functioning microsomal NADPH P-450 reductase system.

In an attempt to extrapolate the studics in vitro presented to the earlier studies in
rivo in vitamin C deficient guinea pigs, we have found an excellent correlation of
decreased microsomal drug-metabolizing activities with the findings in vivo of Axelrod
¢t al.5 They determined the biological half-life of aniline, antipyrine and acetanilide
in the plasma of normal and vitamin C deficient animals. They also measured the
time it took to reverse the increased half-life of the drug in vitamin C deficient animals
by repleting the animals with ascorbic acid. The age and weight of the guinea pigs
used were in the same order as ours (270 g), and they were on the vitamin C deficient
diet for the same length of time (18-20 days). These investigators found that drug
metabolism, as measured by the half-lifc of the drug in the plasma, was increased in
the order of 60-70 per cent which is in reasonable agreement with our enzymatic
studies in virro. Of importance is the correlation in the reversal in vivo; for example,
they found that the half-life of aniline required approximately 5-6 days to return to
norinal, and aminopyrine required 8 days to return to normal.

It is tempting to consider the significance of the studies presented with vitamin C
deficient animals to man in that both these species cannot synthesize ascorbic acid.
Although the animals were maintained on a vitamin C deficient diet for a relatively
long period of time (21 days), they did not show appreciable weight loss, and frank
scorbutic symptoms were not apparent. The possibility should be considered that
humans, particularly in their growth period, with some deprivation of vitamin C may
show sensitivity and possible toxicity to drugs. Of more importance would be the
length of time required for a vitamin C deficient bumnan to re-establish normal drug
metabolism even aficr adequate supplements of the vitamin.
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THE ISOLATION
AND IDENTIFICATION OF
VITAMIN C

BY

S. S. ZILVA, D.Sc.,

Member of the Scientific Staff, Mcdical Research Council;
Hon. Member of the Staff, Lister Institute.

(From the Lister Institute, London.)

At the time when Barlow’s activitics were gradually impressing upon
medical opinion the identity of infantile scurvy with the adult form of the
disease and the fact that their common source lay in errors of diet, the science
of nutrition was beginning to reveal the importance of the presence in some
natural foods of small quantities of unknown substances essential to life
(Lunin*"), which were later to become known as vitamins. Neither the
clinician nor the experimental investigator could then foresee the magnitude
of the problem to which these obscrvations were leading. The horizon,
however, definitcly widened when Grijns'’, in continuation of Eijkman’s
work, suggested that the cause of beri-beri was a dietetic deficiency.

That scurvy was eaused by the consumption of an incomplete diet was
by then almost universally acknowledged and consequently the discovery
that the origin of another discase could be traced to faulty nutrition was not
unique. The method of approach, on the other hand, which led to the
discovery of this © deficiency discase > was distinetly novel and was to become
instrumental in the progressive activity soon to follow in this ficld of research.

As far back as 1869, Forster, working in Voit’s laboratory at Munich,
was investigating the function of mineral constituents in the diet and
published his results in 1878'".  In the course of this work he administered
to pigeons a dict consisting of caseinogen and starch previously purified so
as to remove the inorganic constituents with the result that the experimental
birds developed symptoms, including opisthotonus, which were characteristie
of what is now recognized as avian polyncuritis.  The onset of this condition
Forster aseribed to a deficiency of salts, not an unexpected conclusion
considering the object of the inquiry and the trend of nutritional rescarch
at that period. The attention of the experimenter was then mainly focussed
on the mineral constituents of the diets with the object of demonstrating what
is now taken for granted, namely, their indispensability. It was, in fact,
rescarch of this character which was gradually yielding results destined to
lead later to the equally gradual formulation of the vitamin hypothesis.
Some twénty years after Forster’s deseription of his experiments, similar
obscrvations, this time to be correctly interpreted, were independently made
by Eijkman'® ', The prevalence of beri-beri amongst Europeuans in the
Dutch’ Indies impelled the Dutch Government to send out a commission in
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1886 to inquire into the cause of this disease. Eijkman was one of the
assistants of this commission and remained behind after its departure to
pursue the inquiry. During his investigations an epidemic broke out
amongst his experimental hens.  The symptoms displayed were similar to
those described by Forster.  Eijkman, however, soon satisficd himself that
these symptoms were of polyncuritic origin and he named the disease
¢ polyneuritis gallinarum.’ Furthermore he was struck by the similarity of

this discase with that of beri-beri in man which he was studying. With,

characteristic shrewdness, Eijkman instituted an inquiry into the origin of
the cpidemic. It was then revealed that during the time when the birds
were suffering from polyneuritis they were fed on rejected boiled polished rice
from the kitchen of the military hospital which the ¢ dicner > of Eijkman’s
laboratory (under civil administration) utilized on grounds of cconomy,
Fortunately the cook in the military hospital was replaced by one who was
less fuvearably disposed to civilian activities and the perquisite was stopped.
On thic consequent re-introduction of unpolished rice the epidemic amongst
the birds ccased.  The cause of the epidemic was plainly suggested by this
coincidence. Further work of Eijkman and his successors, and above all of
Grijns'?, showed first that the deficiency of the polished-rice diet was not
due to the lack of inorganic constituents and secondly that human beri-beri
also resulted from the ene-sided consumption of decorticated rice from which
a dietetic factor had been removed in the milling.,  Such striking observations
could not remain dormant for long.

1t is outside the scope of this paper to trace the numerous and interesting
investigations on experimental polyneuritis and beri-beri that followed. The
lines on which these researches were pursued made circumstances propitious

for the discovery of the production of experimental scurvy and as is usual

* in human progress they found their man.  Axel Holst™ in an endeavour

to find out whether polyneuritic dicts were able to produce the disease in
animals other than birds, observed that guinea pigs developed a pathological
condition distinetly different from polyncuritis. This condition Holst and
Frilich were able Lo identify with scurvy. Further point was lent to the
problem when they found that the scorbutic symptoms failed to appear when
the deficient dict was supplemented by antiscorbutic foods.  Five years later
they published™ a full reeord of their brilliant experiments, which will always
remain classical.

The results of this pioncer cffort were not long in being put into practice.
The provisioning of the troops in the great war, especially in certain zones,
presented possibilities of ¢ deficiency discase * making its appearance. This
necessitated the careful assessment of the vitzmins in raw and treated food-
stuffs. Holst and Frilich’s work was extended with great rapidity and
methods were improved and made quantitative in nature (Chick and
Hume® ). Morcover, luboratory observations were utilized and found to be
of value in the actual prevention and cure of scurvy in the ficld. The ground
was now prepired for the task of the biochemist.,

Chemical studies.

It will be easier to appreciate fully the development of the
chemistry of vitamin C by recalling the appearance of the problem in the
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early stages of the inquiry. The only method of establishing the presence
or absence of the vitamin was the biological methed which, as is well known,
is time consuming and often subject to untoward delays and complications.
The choice of reagents that could be used in the chemical study of the vitamin
was limited sinec toxicity had to be considerrd in connection with the testing.
Negative results could not always be interpreted as sueh, hecause the inactiva-
tion of more or lcss concentrated preparations in the process of manipulation
had to be considered owing to the labile nature of the vitamin. These
difficultics were to a great extent overcome as the chemical properties were
gradually revealed by patient research. In fact, the concentration of the
active principle was only achicved in intermittent stages as its conditions of
inactivation became known. Although the fractionation and the study of
the chemical and physical properties occurred concurrently, for the sake of
clarity the two branches of research will be treated separately and not in
chronological order.

The citrus fruits were always considered as speeifies ngainst scurvy. This
fact was confirmed by experiments showing the lemon and the orange to
belong to the most potent natural sources known at the time. It was only
comparatively recently that the mango (Perry and Zilva'), paprika
(Svirbely and Szent- Gyirgyi'®) and the anterior lobe of the pituitary (Gough
and Zilva') were discovered to be markedly more active. The lemon
particularly appearcd to lend itself to chemical work sinee the bulk of the
_ solid matter in its juices, namely, the organie acids, was found to possess no
antiscorbutic activity. The removal of this inactive residue yiclds in conse-
quence a solution the potency of which can be raised hy concentration at
low temperature and pressure. Such preparations were found to be active
when tested on animals and human beings (ITurden and Zilva®', Harden,

Still and Zilva®, Zilva®® *).  After removal of the acids from lemon juice it

was shown that the sugar contained in the residue could be fermented without
impairing the activity of the juice (Zilva®*, Lepkovsky, Mart, Hastings and
Frazier™).  Aleohol precipitated further impurities after which precipitation
with basie lead acctate yielded a very active fraction (Zilva®). Tt is now
known that these preparations sometimes approximated very closely indeed in
activity to that of pure ascorbic acid, hut were eharacterized by instability
and, not being crystalline, offered little possibility of chemieal identification.
Lemon juice is & source from which the crystalline vitamin can be obtained
only with the greatest difficulty. Later the process was modified hy
precipitating the active principle with neutral lead acetate at pH 72 (Zilva®?),
Concentrates were also obtained by hasie lead acctate precipitation from other
plant juices such as swede juice (Zilva®®) and eabbage juice (Bezssonofi!),

Data which afforded somc illuminating information on the chemical
character of the antiscorbutic factor were obtained by means of diffusion
experiments.  Holst and Frilich had already proved that the vitamin could
diffuse through a parchment membrane, which implied that the active
principle was not a colloid or associated with unything in colloidal dispersion.

] D
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A technique of differential dialysis devised by Brown® offered further
possibilities of studying this problem.

Brown’s technique consisted in dialysing solutions through collodion
thimbles without the application of pressure. By soaking the thimbles in

alcohol of various strengths, different degrees of permeability were obtained.
Thus a thimble soaked, say in 30 per cent. alcohol, allowed substances of

lower molecular dimensions to pass through, whilst impeding the passage of -

larger molccules which could pass through a thimble soaked in stronger
alcohol, such as 90-per cent. In other words a molecular sieve with meshes
of varying sizes was obtained by regulating the strength of the alcohol in
which “the collodion was soaked. Applying this technique to the study of
vitamin C (Zilva and Miura™) it was found that membranes which permitted
a frec passage to substances of small molecular dimensions such as sodium
chioride retained the antiscorbutic factor during a period of three to four
days. Only thimbles through which semicolloidal substances, such as dyes,
passed allowed the vitamin to dialyse. In extending this investigation it
was demonstrated (Connell and Zilva®) that the active principle diffused
through membranes of somewhat lower permeability than that which
permitted the passage of dyes, the size of the active molecule appeared to be
not far removed from that of a hexose and further the rates of diffusion
of the antiscorbutic factor, of the nitrogenous residue and of the reducing
sugars were different.

These results indicated that vitamin C was in all probability nitrogen-
free and that the size of the aclive molecule whether associated or free was
that of a hexose. On the identification of the vitamin nine years later, it
was found indeed to be a hexose derivative. :

As mentioned above one of the greatest difficulties in the fractionation
and purification of the vitamin was its lack of stability and it was therefore,
of paramount importance to throw some light on the mechanism of this
inactivation. .

Holst and Frolich emphasized in their pioncer work the instability of
vitamin C. They found, for instance, that certain vegetables (white cabbage,
dandelion) lost much of their potency in the process of eooking. The juices
were cven more thermolabile and deteriorated quickly also at room
temperature. Acid juices, on the other hand, were more stable both when
heated and when stored.  They demonstrated that this increase in stability
was due to acidity since eitric acid extracts of cabbage juice were markedly
more stable than the untreated juice. Further work on the subject indicated
that the loss in activity incurred during heating could not be due entirely to
thermal degradation. Delf'! observed that when swede and orange juices were
heated at temperatures above 100° C. in a closed autoclave the loss of
activity was much reduced.  She, therefore, sugeested that the rate of
destruction of the vitamin was affected cither directly by retarding oxidation
or indireetly by the production of stabilizing bodies. That the former was
the casc was proved simultancously by two workers as an indirect outcome

-of different investigations. Hess*® and Iless and Unger®* found that the

addition of hydrogen peroxide to raw milk under conditions which prevented
the growth of bacteria had a deleterious influence on the antiscorbutic
activity of the milk, from which it was concluded that this destruction was
due to oxidation especially as they also found that neutralized
milk or tomato juice loscs antiscorbutic value on shaking in air.
The other line of evidence emerged from the study of the effect
of ultraviolet light. It was found that when the ozone generated
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by the lamp did not come in contact with the antiscorbutic solution the
activity was hardly impaired (Zilva™). On the other hand, contact with
ozone even al room temperature or the ‘passage of air for several hours
destroyed the vitamin. When the decitrated lemon juice, used in these
experiments, was boiled in an atmosphere of CO, for two hours no marked
diminution in the antiscorbutic activity could be recorded (Zilva® ). It,
therefore, became clcar that oxidation was the main factor concerned in the
destruction of the antiscorbutic factor, Even heating decitrated lemon juice
in an autoclave for one hour at 40 Ib, pressure (133° C.) destroyed anly about
one-half of the vitamin (Zilva®®)—a loss most probably due not to thermal
degradation but to the presence of very slight traces of oxygen in solution.

The destructive effect of oxygen on vitamin C having been established
it became clear that this reaction was controlled by another factor, namely,
“the hydrogen-ion concentration. The observations of Holst and Frolich that
the antiscorbutic activity of extracts disappeared in alkaline much quicker
than in acid solution could now be co-ordinated with the oxidative process of
inactivation. It was shown (Zilva®') that dccitrated lemon juice when made
Y alkaline and exposed to the air at rocm temperature lost about 80 per
cent. of its potency in half an hour. On the other hand, when the same
solution was kept in the absence of air no loss in activity took place. More-
over such drastic treatment as aspirating air through a boiling solution of
lemon juice as acid as pH 22 greatly delayed the destruction of the active
principle. These experiments, therefore, established the. fact that the
destructive oxidation of the vitamin was deterred in acid and greatly
accelerated in alkaline solution. Other factors conducing to the oxidation
of vitamin C will receive later reference.

Another characteristic property of active solutions was their power of
reducing a number of reagents. Bezssonoff®® found that vegetable extracts
containing the vitamin reduced phosphomolybdotungstic acid (Folin reagent
for phenols). Even concentrates from which many impurities had been removed
were obscrved to reduce ammonical silver nitrate and to decolorize potassium
permanganate in the cold (Zilva®® %), Thesc results were so striking that it
became evident that they occupied a pivotal position in the scheme of
vitamin C research. An carly attempt to correlate these two reactions with
antiscorbutic activity (Connell and Zilva®) failed to establish a parallelism.
Both these reagents, however, are reduced by a great number of substances
and consequently this negative result could not be considered as final. A more
specific reagent phenolindophenol* was eventually found which made it
possible to determine conveniently the reducing capacity of antiscorbutically-
potent substances with precision (Zilva®*). The reagent is dccolorized by
antiscorbutic solutions in the process of reduction and by this reaclion the
connection between reduction and vitamin activity was investigated. Two
main features came to light in this inquiry. One was, that although a certain
parallelism between antiscorbutic activity and reduction existed, there were,
nevertheless, marked deviations. The second observation showed that when
decitrated lemon juice was oxidized with indophenol and administered to the

* Substituted indophenols fulfil the same object.
: Py
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experimental animals immediately, the major part of the vitamin activity was
retained by the solution. If, on the other hand, the oxidized antiscorbutic
was allowed to remain for about twenty-four hours before dosing it became

_almost inactive (Zilva®). The writer’s interpretation ol his results was that
vitamin C itsc did not reduce indaphenol but that the decolorization of the
indicator was due to a rcducing substance closely associated with the active
principle, which tended to prevent oxidation.

About this time the hope of isolating the vitamin was realized: but in
a manner which had not been foreseen. Moreover, the antiscorbutic character
of the substance thus isolated was not appreciated until some years later.
Engaged in an investigation on the part played by the adrenal cortex in
hiological oxidation with the ultimate aimn of elucidating its function in the
renal system, Szent-Gyorgyi’" isolated from the cortex a highly reducing

hexose derivative--hexuronic acid. This compound he found also in .

vegetables and fruits where it appeared to function in connection with
peroxidase systems, thus associating the adrenal cortex with this oxidizing
mechanism. Amongst other observations he recorded that hexnronie acid
decolorized indophenol—a fact which prompted him to suggest that the acid
was probably identical with the reducing substance postulated by the writer
(Zilva®). Professor Szent-Gyorgyi kindly offered to supply the writer with
hexuronic acid in order to test this suggestion experimentally, but unfor-
tunately owing to the scarcity of the material at the time and his subsequent
departure from England the matter was left in abeyance. However, another
substance isolated from orange juice by Szent-Gydrgyi, which he thought
might be the vitamin (private communication by letter) was in the meantime
{Junc-July, 1928) tested by the writer at Professor Szent-Gyiirgyi’s request
and was found to be antiscorbutically inactive in daily doses of 3 mgm. and
5 mgm. (cf. Svirbely and Szent-Gyirgyi‘®).

Not many years elapsed before the chemical identity of vitamin C was
established and, as in the case of its isolation, in a manner not expected.
Tillmans*, in trying to devise a mcthod for discriminating between natural
lemon juice and the artificial product employed 2, 6-dichloroindophenol, it
heing known that this compound was decolorized by orange juice, with the
result that he found that only the fresh natural Jemon juice reduced the indi-
cator. In cominunicating this obscrvation at a mecting in Naremberg the
point was raised whether this reducing capacity had any conncetion with
vitamin C. On investigating this matter further he found™, as the writer had
done before, a certain parallelism between the two properties, but unlike the
writer, he was inclined to attribute the two properties to one substance. The
writer’s observation that decitrated lemon juice retained its antiscorbutic
activity after oxidation, Tillmans maintained could be explained by assuming
that the substance was reversibly oxidized whilst remaining antiscorbutically

* Whilst writing this review (February, 1933) ncws reached me of Professor
Tillmans' death. 1 should like to take this opportunity of expressing my sincere
admiration not only of his capacity by’ also of his truly scientific spirit,
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active. In this first stage of oxidation, according to him, the vitamin was
more prone than in the original reduced form to destruction by further
oxidation. It is of interest to note that Szent-Gydrgyi*® had found that
hexuronic acid could also be reversibly oxidized but his work was not known

" to Tillmans in 1930. The similarity, however, between the reducing

substance which Tillmans considered to be vitamin C and hexuronic acid was
thus indicated then. Later (Tillmans et al., 2% %% 3% 3% %¢) when he had worked
out his thesis in greater detail and becume acquainted with the work on
hexuronie acid he actually suggested that vitamin C was probably identical
with it. Very soon after the appcarance of Tillmans® last scries
of publications, King and Waugh® > claimed to have isolated a
crystalline substance from lemon juice, by the decitration and lead acetate
method mentioned previously, which, in their opinion, was hexuronic acid
and which was antiscorbutically active. SimuManeously Suzent-Gydrgyi'™
examined an authentic sample of crystalline hexuronic acid from the adrenal
cortex and found it also potent.

The antiscorbutic activity of lexuronic acid could not, however, be
taken as a final proof that this compound was identical with vitamin C
(Zilva™). Workers in the vitamin ficld were particularly reminiseent  of
precedents in which active crystalline substances owed the particular vitamin
potency not to the crystalline compound but to adhering ®impurities.” A
similar condition could be visualized in the case of hexuronic acid.  Crucial
evidence was neverthcless soon obtained which militated against this view,
Szent-Gyorgyi*® was able to show that the monoacetone derivative of ascorbie
acid—under which name hexuronic acid became at this stage to be known—
was antiscorbuticallly active but not to the full extent and that the ascorbie
acid recovered from it was, on the other hand, fully active. Hirst and
Zilva® found that when ascorbic acid was oxidized with jodine to its first
oxidation product (dchydroascorbic acid) it was almost as active as it was
before oxidation. This observation was similar to the one made by the
writer®* when the vitamin in decitrated lemon juice was oxidized with
indophcnol. By reducing the dchydroascorbie acid, ascorbic aucid was
re-obtained which was as active antiscorbutically as the original compound
from which the oxidation produet was preparcd. These results strongly
pointed to the fact that ascorbie acid was active per se. The alternativg
explanation that the vitamin was in association with ascorbie acid and could,
like jt, be reversibly oxidized and regenerated guantitatively was in the
highest degree improbable. In view of these facts the writer’s hypothesis
that the reducing substance and the vitamin were not identical but in close
association became untenuble and Tillmans® theory was thus shown to be
correet.  The observation that synthetic ascorbic acid obtained from inactive
matcrial was fully active (Reichstein and Oppenhauer®, Haworth, Hirst and
Zilva®) supplicd the final and incontrovertible proof.

Structure of the vitamin.—As was to be expeeted a comnpound of such
physiological significance as ascorbic acid could not fail 1o engage the atten-

9407

136




. S

260 ARCHIVES OF DISEASE IN CHILDHOOD

tion of carbohydrate chemists. An intensive quest led to the establishment
of its chemical structure and the eventual realization of its synthesis. Only
the outstanding achievements can be given here in the barest outline,

Of the several structural formulac proposed the one which has found
general acceptance is that shown below. This was put forward by Hirst
and his collaborators of Birmingham, whose prool of this structural formula
was arrived at by the ingenious application of various r-&thods employed in
the study of the structure of the carbohydrates®.

'0
C—
Io 00 Io Io 1
C— \ C Co— C-OH
) 1 I ] ] ] (4]
C-OH ~=— C-=0 C-OH C-OH C-0H
I 0 ' o O 1 [ |
C-OH I — C-0 I l C-OH C-OH l H-
| i | I i
H-C— H-C —C-H H-C—— HO-C-H
] ) ! . ] 1
HO-C~-H HO-C-H H-C-0H H-C-0OH HO-C-H
1 ] ' 1 1
CH,0H CH,0H CH,0H CH,0H CH,
l-asco:‘bi(:»acid dchydro-ascorbic  d-ascorbic acid  d-arabo-ascorbic {-rhamno-
acid acid ascorbic-acid
active active not active active ¢ active }

A little later the same formula was suggested independently by Euler
and Martius'®, their suggestions being based on indirect analogy with the
substance reductone (CIIOH :COIL-CHO), which resembles ascorbic acid in
its property of reducing indophenol. The synthesis of ascorbic acid was soon
accomplished independently by Reichstein of Zurich*® and by Haworth, Hirst
and their school at Birmingham® from l-xylosone by way of the hydrogen
cyanide addition compound. As xylesone is difficult to prepare this method
of synthesis could not conveniently be applied in the preparation of large
quantities of ascorbic acid. New mecthods have been developed in which the
starting material is l-sorbose, a svugar which is now readily available in
quantity. In Rcichstein’s method** sorbose is converted into its acectone
compound and thence into 2-kelo-l-gulonic acid, from which l-ascorbic acid
is easily oblained (compare Maurcr and Schiedt’s transformation of methyl
2-keto-d-gluconate into d-arabo-ascorbic acid*'). In Haworth’s method?z 2
the requisite 2-keto-I-gulonic acid is produced directly by simple oxidation
of I-sorbose. By such methods l-ascorbic acid can now be produced at an
cconomic price.

. The schemes employced in the synthesis of l-ascorbie acid were eventually
utilized in the preparation of a number of analogues snd derivatives, of
which some such as d-arabo-ascorbic acid (Maurer and Schiedt*!, Dalmer
and Moll'"), l-rhamno-ascorbic acid (Reichstein'®, Reichstein, Schwarz and
Grissner'®) and I-gluco-ascorbie acid (Reichstein®®) have been found o be
partly potent, whilst others had no antiscorbutic activity. As a striking

example of these latter isomers one may mention d-ascorbie acid, the
cnantiomorph of the fully active l-ascorbic acid.
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Chemical and physical properties.

The availability of the pure compound made it possible to
study its chemical and physical properties in greater detail. The
characteristics of the vitamin previously established were fully confirmed.
One feature, however, calls for comment. Pure crystalline l-ascorbic
acid and the other active compounds are perfectly stable in solid
condition, a fact which scems at first to be strikingly contradictory to
the instability of vitamin C. This apparent paradox can neverthcless be
explained. In studying the process of inactivation of the antiscorbutic factor
it was found (Zilva® "> ?, Johnson and Zilva') that ccrtain phenolic
substances, which are widespread in plant tissues, are subject to spontaneous
oxidation giving rise to products capable of oxlizing in their turn the
vitamin. In addition, Euler, Myrbick and Larsson'® showed that traces of .
certain metals could catalyse the oxidation of ascorbic acid, an obscrvation
which explains why the pure compound becomes slowly inactivated in
aqueous solution, Recent work throws further light on this subject. In
water carcfully distilled from and received in quartz apparatus, l-ascorbic
acid is exceptionally stable even when this water is previously saturated with
oxygen (Kcllie and Zilva®®). This suggests that contact with oxygen in
the absence of catalysts does not destroy the activity. 'The instability of
the vitamin in natural juices or in concentrates when exposed to air is
evidently due to the presence of various catalytic substances. That mere
traces of these impurities may have a dcleterious effcct on the vitamin is
seen from the fact mentioned above that concentrates were sometimes
obtained by the writer which, weight for weight, were almost, if not as
active, as erystalline ascorbic acid, but lacking the stability of the latter.
The natural mcdium from which these preparations were made, nam-ly,
lemon juice, offered great technical difficulties in removing the adhering
traces of these destructive impurities whick imparted the instability to the
vitamin in this condition.

It is significant that in the tissuc of the living plant or animal bivlogical
conditions are such as to conduce to the stability of vitamin C. Only when
the tissue is disintegrated is this balance upsct. Since in the natural
sequence of things the disintegration takes place through mastication as the
food is consumed, no serious loss in antiscorbutic activity can take place
before the ingested vitamin is utilized by the organism.

|

As in natural sources and in concentrates indophenol still remains the
most specific reagent for pure l-ascorbic acid and its analogues. Nevertheless
the specificity is far from being complete, so that this reagent is of doubtful
value for detection and determination of these compounds. Since his
introduction of this indicator in 1927 the writer had the opportunity of
carrying out a critical study of this problem on a large scale, especially
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between 1028 and 1933, during which time he and his collcagues were
engaged in an extensive inquiry into the vitamin C of natural products. He

“arrived at the conviction that in spite of the excellent agreement between

the biological and the indophenol titration values found in many instances,
the latter procedurc broke down in unexpeeted instances in a way which
made the general application of the indicator in the assessment of anti-
scorbutic potency undesirable, particulurly in the hands of the less cautious.
For this reason he deliberately abstained from urging the utilization of this
reaction only for the dctection of the antiscorbutic factor. The same
criticism may be levelled at the application of the sclective absorption
displayed by ascorbie ucid in the ultraviolet region of the spectrum for Lhe
determinaticn of vitamin C. The biological activity slill remains the

ultimate criterion for vitamin C. Awmong the biological mecthods the .

prophylactic method yields the most accurate results but is laborious. The
curative method in which the test dose is administered to tlie animals from
the tenth to fifteenth day on the basal diet until the thirticth day when they
are killed: is almost as accurate and less laborious (cf. Johnson and Zilva®).
Another biological method—Hijer’s method—is sometimes employed. This
method is based on the fact that in guinea-pigs on a scorbutic dict there is
an carly change in the odentoblastic layer of the teeth (Zilva and Wells™,
Hojer> ™, Key and Elphick®). The advantages claimed for this method,
namely the small amount of material required, and the short duration of the
test are possessed by the curative method which does not, on the other hand,
share the disadvantages of the former.  The chicf of these are variability in
the individual response of the experimental animals, the totally subjective
interpretation of the results and the necessity of making histological sections,

In this review the chemical nature of vitamin € only has been briefly
discussed. That this vital principle, the absence of which is responsible for
the production of scurvy in animals incapable of synthesizing it, may play
an important part in the metabolic functions of the animal organism nceds
little stressing. Nor is it likely that its synthesis and presence in the
plant kingdom is without significance. "A good deal of sound information
bearing on these points which falls outside the aim of the present review
has been already obtained in the course of study of the chemical nature of the
antiscorbutic factor. The identification of the vitamin naturally quickened
the pace of research in this demain, but it is not casy at the moment to assess
the true value of many of these latter contributions in an excessively

prolific ficld, especielly as some results Jeave a debatable zone of possible

error. Many gaps rcmain to be filled before a major hypothesis can be
formulated. When the time, whether it be close or remote, is ripe for the
integration of the cssentiul and established facts in their true perspective,
scientifie workers might with advantage look back to Barlow’s Bradshaw
Lecture as a model for clarity of vision, logical exposition and, above all,
intellectual probity.
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Inhibition of histamine-indticed airway
constriction by ascorbic acid = -

Eugenijo Zuskin, M.D., Alan J. Lewis, Ph.D., and
Arend Bouhuys, M.D., Ph.D. Ncww Haven, Conn.

e studied the effect of ascorbic acid on histamine-induced airway constriction in
17 healthy subjeets; we also investigated its effect on guinea pig tracheal strips in
vitro. Fentilatory function was measured by recording partial expiratory flow-volume
(PEFV ) curves on which maximum flow rates at 30 per oent. TC and at 25 per cent
¥C were caleulated. Following oral administration of 500 mg. ascorbic acid, the
mean reductions of V,,, at 50 per cent ¥C and 1,.,, at 25 per cent FC after
kistamine inhalation were significantly smaller in comparison with placebo adminis-
tration (P < 0.01). In the guinea pig trackea preparation, ascordic acid reduced
contractions (nduced by histamine and relarcd this tissuc in the abscnce of other
agenls, Propranolol did nol block the cffect of ascorbic acid in man (80 mg. orally),
but in vitro relaxations of tracheal strips by ascorbic acid were reduced by 2.5 py
propranolol. Ascorbic acid probably kas a direct cficet on af woy smooth muscle; in
the guinsa pig trachea its ¢ffect may be mediated by pB-adrenergic receptors.

In 1804, Reisseissen? deseribed airway smooth musele in the human lung
and attributed “convulsive asthima™ to its contraction. The same author® later
observed symptoms of “convulsive asthma’ in patients with severe scurvy, More
recently, Dawson and West? reported that ascorbie aeid protects guinea pigs
against anaphylactic shock. These observations sngaest that ascorbie acid might
have a therapeutic effeet in asthoia, but elinical reports on this subject are
eontradictory,*

We have found that ascorbie acid can inhibit the airway constrictor effeet
of histamine in healthy human subjects and also in the isolated trachea of the
guinea pig. Thus. the therapeutic use of ascorbic acid in asthma may warrant
further investigation,

SUBJECTS AND METHODS
Experimenis in man

Beventeen heulthy subjects (14 men, 3 wonen, 21 to 38 years of age; 12 nonsmokers and
5 regular smokers) participated in the study. Each subjiect inhaled identical histamine serosols
on 2 days, a cplacebo day? and an cascorbie acid dax.” The aerosols were producad by a
Dautrebandes D30 webulizer with un air pressure of 15 pai. Histamine concentrations in
From the Yale University Lung Researeh Center und the John K. Picree Founlution
Laboratory. oy
Supported, in part, by USPHS Grauts HL-14179 and 11.-14534 from the Nautional Héurt and
Lung Tustitute, and OH-00304 from the Natjenul Institute for Oceuputionnd Safety and
Heulth.
Received for publication Aug. 22, 1472, .
Reprint requests to: Arend Bouhuys, Yale University Lung Researel Center, 333 Cedar St
New Haven, Conn, 06310,
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the acrosolized liquid varied from 15 to 40 mg. per williliter for different subjects (lnist:mxine‘

dilydrochloride  dissolved in 0.9 per cent saline; pll == To;  doses oxpressed  ns
mg, buse per miliititer), These were chosen on the hasis of symptoms and reduetion of
veRiluitory function dduring n preceding series of experiments with different histamine con-
centrations. ldentiea! conditions of inhalation were used in all experiments. The duration
of inhalntion waus 30 seconds, und on vach day inbalations were performed at 9 AM., 12 noon,
and 3 par, (hereafter referred to ns 0, 3, and 6 hours, respectively). Ventilatory function was
mensured immedintely after inlalation (1), and again after 2%, 4, and ¢, by recording

PEFV curves.8 The subjeet inspired fo about 70 per eent vital eapacity and then performed

a foreed expiratory muneuver to residual velume (RV), immediately followed by a maximal
inspiration to totul lung eapucity (TLC), Expiratory flow-volume curves were recorded on
Brush 500 High Performanee XY Recorder (Gould, Ine.), with Jung volume changes on the
‘ubseissa nnd expiratory flow rate on the ordinate. Maximum flow rates at 50 per cent and
25 per coent of the contrel vital eapareity (e, VO ut 0 hour, were measured from the PEFY
curves, On each eurve a constant volume (50 per cent and 75 per cent of the control VC)
wasg subtracted from total lung capacity (TLC) and expirntory flow was read at these volumes
(Fig. 1). Three control blows were made before histamine inhalation, and the mean of the
2 curves with the highest flows was used.

The comparison of maximum flow assumes that TLC is not changed by the inlialation
of histamine. We confirmed that this is so by determining TLC separately in an aiv-conditioned
volume-displacement  body  plethysmograph before and after histamine inhalation (30 mg.
end 20 mg. per milliliter). No changes were recorded in TLC, while residual volume (RV)
was iucreased (2 sulijeets).

After the first histamine inhalation (0 hour) on the ascorbie acid day, 500 mg. of
gscorbic neid dissolved in wnter was administered orally, Tlistainine inhalation and ventilatory
function measurements were repeated 3 aund 6 hours later. After 4 to § days, the sawe
procedure was repeated with a placeho identical in taste to ascorbic acid solution (water
with acetic acid added). At the time of the ventilatory function mensurements, heart rate
was also measured.

The t test for paired samples was used for statistieal unalysis.

Experiments in guinea pigs

Sixteen female guinen pigs (Hartley strain; 200 to 250 grams) were used {for the spirally
cut trachen preparations.s The strips of tissue were suspended in 10 ml Tyrode’s solution
at 37° C. and constantly scrated with 95 per cent O, and 5 per cent €O, Contractions and
relaxations were resorded isometrically on a pen recorder. Drugs were dissolved in Tytode’s
solution, and nscorbic acid was neutralized to pH 6.5 to 7.5 with sodium bicarlonate. The
huffering eapacity of Tyrode’s solution is sufficient to prevent pH chunges on addition of
the mscorbic acid solution. Final bath pIT was 7.4 in the experiments reported here. In
separate cxperiments, similar results were obtnined with pll values ranging from 7.2 to 7.6,
~ept constant throughout cach experiment. Dozes of drups are expressed in _pg base per
milliliter final bnth volume.

RESULTS
Experiments in man
Histamine acrosol inhalation causes a deercasc of expiratory flow rates on
the PEFYV curve (Fig. 1, A4). After pretreatment with ascorbic acid, flow rates
Jecreased less after inhalation of the samne histanmine aerosol dose (Fig. 1, B).
The measnranent of maximum expiratory flow rates at constant Jung volumes
(Vimae 50 and Vi, 25) allows a guantitative assessment of these drug-induced

changes (Table 1), Under eontrol conditions (0 hour) the reduction of Voux 00

and Ve 25, after histamine inhalation, was similar on both days (with plaecho
or aseorbie acid). Vollowing the administration of ascorbie acid, histamine

. [T
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FIG. 1. PEFV curves from healthy subject on placebo day (A] and on ascorbic acid day
{B). Lung volume (abscissal in percentage of vital capacity (TLC, 100 per cent; RV, O per
cent). RV, = residual volume on control curves; RV, = residual volume after histamine.

Ordinate: Expiratory flow rate (L./sec). Measurement of V., at 50 per cent VC and \'/lm
ot 25 per cent VC indicated by @ for control and O after histamine inhalation.

TABLE I. Maximum expirotory flow rates on PEFV curves

Vimex o 50% VC (L. [sec) \;..... at 25% VC (L [sec.)
After histamine (min.} After hislamine (min.)
Time | Control |-— Control
et |SSEx | o | 2 | & | & |fsex]| o | 2 | & | &

0 420 261 2.64 286 3.06 1.78 105 097 115 1.26

+0.34 +0.23

Placebo day 3 3.94 256 281 271 297 1.67 101 107 132 104
+0.29 +0.20

6 385 254 255 273 3.02 1.57 088 093 111 1.08
0,27 +0.18

0 4401 71t 2061 3161 3108 187t 0.991 1.12¢% 1.22¢ 1.2%
+(.28 ’ 018

Ascorbic acid day 3 406t 2.00t 3.49f 3581 3.973 1611 113t 136§ 1514 1.58%
+0.20 + (.15

6 3774 3.2t 3.98% 3471 353F 1514 1194 1.26% 1.32} 1.45%
+0.19 +0.13

*Mean * stundard error.
tNot signifienntly different from the corresponding value on the placebo duy (P > 0.05).
{8ignificantly diflerent (P < 0.01) from corresponding value on placebo day.

reduced flow rates less than after administration of placeho, and the diffevences
were statistically significant in all but onc instance (the 07 value at 3 hours).
Figs. 2 and 3 represent the data in all subjects, expressed as a pereentage of
the contral values at 0, 3, and 6 hours, on hoth days. After placebo, the effect
of histamine on Vg, 50 and Ve 20 remaius unchanged at 3 and 6 hours, After
ascorhie acid the cffect of histamine is redueed, and the redustion is maintained
6 hours after ascorbie ucid ingestion, Although ascorbie acid veduced the cffect
of histamine, the decreases of flow rates were in most instanees still signifigant
compared to the control value hefore histamine inhalation.
_ On the placebo day, as well as on the aseorbie acid day, control values for
Ve 50 and Vo 25 were lower at 3 and 6 hours than at 0 hours (Table 1).
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FIG. 2. Mean changes [all subjects) in \./m, at 50 per cent VC on PEFV curves after
histamine inhalation as a percentage of control values, on placebo day (A} und on
ascorbic acid day {B).

TABLE l. Control flow rates in 10 subjects

\./mu at 50% VC (L./sec.} \-lm“ at 25% VC (L [fsec)
Ascorbic Day wlithout Ascorbic Day without
Placebo day ocid day drugs Piocebo day acid day drugs
Time XTsE) | Xtskl | (XTSE) | (X?SE) (X*sE) | (X*SE)

% AM, 3.64 3.98 3.39 1.44 1.54 1.21
+0.37 10.35 +0.23 *+0.20 +0.19 +0.21

12 noon 3.64 3.74 3.23 1.45 1.40 1.10
+0.42 +0.21 +0.26 109 +0.17 +0.21

3 pP.M. 3.48 3.56 3.49 1.34 1.43 1.28
+0.35 +0.23 *0.26 +0.27 +0.14 +0.22

N4 8.5, = Mcan * standard crror.

Sinee this might be a result of a cireadian rhythm in ventilatory funetion, we
restudied 10 of our subjects, without administration of drugs, at the sume 3
hour intervals. Table 11 compares the average control flow rates on the 3 duys
of study in these 10 subjects. Only minor and insignificant changes of flows
oceurred on the day without any drugs.

Heart rate inereased consisiently after histamine inhalation, and this was
not changed by administration of ascorbie acid. The inercase was most marked
(117 to 140 per cent of eontrol value) immediately alter histamine inhalation.
Six minutes after inhalation the heart rate had returned to eontrol values.

We tested the effect of propranolol on the protective aetion of ascorbie aecid
in 4 subjeets. After 3 control blows, histamine acrosol was inhaled (15 1o 20
mg. per milliliter), and PEI'V curves were recorded immediately after inhala-
tion and 2, 4, and 6 minutes Iater. Propranolol wus then given, 80 mg. orally.
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FIG. 3. Mean changes (all subjects] in me ot 25 per cent VC on PEFV curves after
histamine inhalation as a percentage of control values, on placebo day (A) and on
ascorbic acid day (B).

After 75 minutes, the histamine inhalation was repeated and flow-volume curves
recorded according to the same sehedule. Aseorbie acid was then administered in
a dose of 500 mg., and histamine inhalation was repeated 2 and 3 hours after
ascorbie acid.

After propanolol, the effect of histamine was enhaneed (Table 111). This
potentiation of the histamine effect was abolished by administration of ascorbic
acid, which resulted in a histamine response similar to the one hefore administra-
tion of propranolol. Sinee oral propranolol in this dose acts during several
hours,® ™ and the heart rate remained below eontral values throughont the ex-
periments, we conclude that ascorbie acid can exert its protective action in the
presence of greceptor hlockade by propranoelol.

Guinea pig experiments , _

Aseorbie acid produced dose-related relaxations of the uncontraeted prepara-
tion (IMig. 4, 1), with a threshold concentration of 33 to 55 pg per milliliter.
Tachyphylixis was observed when concentrations higher than 100 pg per milli-
liter were used. With 1 to 25 pg per mibhiliter doses of aseorbie acid, no effeet on
the bascline of the uncontracted trachea was obscerved. These low doses also
did not affect Listamine contractions produced hmmediately after treatment,
Ascorbie aeid did produce dose-related relasations in prepavaiions previously
contracted hy submaximal eoncentrations of histamine (1 g per milliliter; ig.
4, A). The threshold concentration for this effeet varied from 20 to 30 ,43;' per
milliliter,

When ascorbic acid was added to the organ bath, the musele first velaxed,
After the ascorbie acid was washed out, the musele veturned to the original
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FIG. 4. Top, Eftect of ascorbic acid A} on uncontracted and contracted trachea of the
guinea-pig, in vitro. Contractions are produced by 1 ug per milliliter histamine {H). Bottom,
Effect of subthreshold ascorbic acid (A} on histamine (1 1g per milliliter, H} contractions.

TABLE Ill. Effect of propranolo! und oscorbic ocid on airway smooth muscle contraction
after histamine inhalation

Vaus ot 50% VC (L./sec.) Veax af 25% VC (L./sec.)

After histamine (min.) After histamine {min.)
Control -.=-—|Control
tskxl 00 | 2 | 4] & |'serl o0 | 2 | & | &
Histnmine 421 345 3.03 3.62 3.86 1.850 148 1.61 1.35 1.68
0.60 £0.62 2050 046 2048 2047 T 041 047 *0.41 2046
9% of control 819 83.8 86,0 01.7 50.0 87.0 73.0 90.8
Heart rate 82 92 88 86 S3
Propranolol 416 273 3.30  3.05 3.58 178 1.1 1.68 1.33 1.63
Y068 +0.8 *0.75 053 +0.67 1039 +0.39 1052 2052 *0.51
% of control 65.6 79.3 73.3 86.0 64.6 [LE ) 74.7 91.6
Heart rate 70 73 71 66 67
Ascorbic acidt 413 383 3,77  3.72 3.03 185 1.50 1.68 1.75 1.65
2068 1053 053 £0.69 2064 2046 045 054 2036 1052
¢ of control 87.5 0.8  BO.6 94.7 81.1 90.8 91.6 §9.2
Ieart rate 68 74 69 70 68
Ascorbic acid} 4.08 3.82 4,12 3.83 4.08 177 170 1.90 1.86 1.92
$0.62 £0.60 *0.74 £0.54 2065 2000 2045 *048 *0.50 *0.37
% of control 93.6 1010 944 1000 96.0 107.3 1031 108.5

Heart rate 78 75 71 70 72

*Mean * gtandard error.
tMean changes 2 hours ufter uscorbic acid.
{Mean changes 3 hours after ascorbie acid.

baseline in 20 to 25 minutes. When ascorbie acid was added to the previously
contracted preparation, the muscle returned to the original baseline somewhat
more quickly (5 to 10 minutes),

Prior administration of ascorbic aeid in concentrations of 30 to 50 pg per
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milliliter reduced contractions mediated by histamine by 20 to 45 per cent
(Fig. 4, B).

Propranolol (2.5 ug per milliliter ineubated for 10 minutes) completely pre-
vented relaxation mediated by isoproterenol on strips previously contracted by
histamine. The same dose of propranolol reduced the relaxation produced by
ascorbic acid both in the histamine-contracted and in the uncontracted trachea
(6 preparations). Propranolol was effective for at least 4 hours.

DISCUSSION

The measurement of maximum expiratory flow rates on PEFV curves allows
a sensitive assessment of relatively slight degrees of airway constriction induced
by pharmacologic agents.” Changes of these flow rates reflecet caliber changes
in small airways, for instance, in bronchial asthma and in byssinosis. In general,
decreased flow rates reflect airway constriction, while increased flows indieate
dilatation of small airways.’* The method lends itself to controlled trials with
drugs in which each subject serves as his own control, as in the present study.

With this technique to assess airway caliber changes after histamine inhala-
tion, we have shown that a single oral dose of 500 mg. ascorbic acid inhibits the
constrictor effeet of histamine on airways of human subjeets in vivo. This effect
lasts at least 6 hours.

Reductions of expiratory flow rates accompany the aeute symptoms of
byssinosis in textile workers. Recently, Valic and Zuskin (unpublished material)
demonstrated that ascorbic acid (500 mg. orally) prevented this effect of expo-
sure to textile dusts to a large extent. The acute coustrictor effect of textile
dust in man is caused, at least in part, by the presence of a water-soluble
histamine-releasing agent in these dusts.!® 3 The aetion of ascorbic acid in
preventing the acute effect of dust exposure in textile workers is thus consistent
with the results of the present study. Both actions can he explained by an
antagonistic action of ascorbie acid against the effeet of histamine on human
airway smooth muscle, :

Experiments with anesthetized guinea pigs? suggested that ascorbic acid
has a direet relaxant effect on airway smooth musele, and our resnlis confirm
this (Fig. 4, 4). In the guinea pig, ascorhic acid antagouized not only histamine,
but also 5-hydroxytryptamine and hradykinin.® Thus, ascorbic acid does not
appear to have a specific antihistamine action on airway smooth musele.

The evidenee on a possible role of B-adrenovreceptors in the action of ascorbie
acid is to some extent contradictory. Dawsan and West® found that proncthalol
did not alter the inhibitory effeet of ascorbie acid on airway constrictor responses
m vivo. In the present study, propranclol redueed the relaxant effect of aseorbic
acid on the guinea pig trachea in vitro. On the other hand, the experiments
with human subjects (Table 111) suggest that ascorbic acid can protect against
histamine-induced airway constriction even in the presenee of S-receptor block-
ade indueed by propranolol. There may be species differences in the mechagism
of aetion, ov it may be that the dose of ascorbie acid used in man (500 mg.) is
sufficient to overcome the competitive block of  B-receptors hy propranolol,
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A large dose of ascorbie acid is exereted for the most part in about 4 to 5
hours.'* % To maintain the desired effeet on airway smooth muscle, it may be
useful to administer smaller doses (i, 250 mg.) at 3 hour intervals. Such a
dosage schedule might be of use in preventing the acute symptoms of hyssinosis
in textile workers, and may also e of interest for the treatment of bronchial
asthma. Sinee ascorbie acid in these doses has no important side effects,*® con-
trolled clinical trials to test the efficacy of this drug in hronchial asthma and
in byssinosis may be in order.

The decrease of control flow rates at 3 and 6 hours (Table I) is intriguing
and cannot be explained adequately by eireadian variation (Table 11). It scems
more likely that the decrease is caused by a vesidual effect of the previous hista-
mine inhalation experiments. Ilistamine i a short-acting drug, and its direct
action on airways lasts at most 30 to 45 minutes,’” but restitution of airways
to control conditions may take longer,

It should be emphasized that the present experiments concern doses of
histamine acrosols that can sately he given to healthy subjects since they elicit
at most slight dyspnea and wheezing. The use of a sensitive method of assessing
the functional effects of histamine enabled us to obtain significant results with
the doses employed. We have not investigated the action of ascorbie acid against
more severe degrees of histamine-induced airway const riction. Thus, at present
the possible therupeutic implications of our study are limited to mild degrees
of bronchial asthma.

Recently, Panling'® suggested that man vequires 2.0 to 2.6 (im. aseorbic acid
daily for optimal health. Tt is conceivable that minimal airway smooth muscle
tone is one aspeet of optimal health, but our study was not designed to test this
hypothesis. Pauling has also summarized controlled trials that suggest a pro-
tective netion of ascorbie acid against elinical effeets of common cold viruses.™
The inhibition of airway constriction by ascorbie acid, which we demonstrate in
the present paper, might have a heneficial effect in the eommon cold, but unfor-
tunately little is known about the functional aspeets of acute airway responses
in these viral discascs. The study of their therapy might be facilitated by in-
clusion of ohjective lung function tests, sueh as flow-volume curves, in the pro-
tocol of clinical trials.
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THE ASCORBIC ACID (VITAMIN C) REQUIREMENT FOR
TISSUE SATURATION IN CHINESE COLLEGE STUDENTS

PENG-CHENG HSU (2 B £)* HSLHSUAN YU @ & 1),
AND PAO-FANG YI ( 7 %)

Departments of Chemistry and Home Economics, Yenching University, Peiping

A number of studies have been reported in countries on the human
requirement of ascorbic acid, but few such studies have been made in
China. Chen and co-workers () studied the ascorbic acid require-
ments of Chinese scurvy patients, Wang (2) made similar studies on
four normal Chinese adults and arrived at the rather low figure of 37.1
mg. per person per day, or 0.75 mg. per Kg. body weight.

EXPERIMENTAL
Subjects:

Four healthy Chinese students, 2 men and 2 women, served as subjects; they are
described in Table I. The subjects were engaged in normal school activities, and
vigorous physical exertion was avoided during the period of experiment.

TABLE 1. EXPERIMENTAL SUBJECTS

Subjects . ‘ Sex Age we. Hy.
Y. P. P, ) male 28 53 Kg. 169 cm,
S.8. C. - - male 24 64 Kg. 174 cm.
C.TY. . female 25 50 Kg. 154 cm.
W. C. C. : female 30 56 Kg. 158 cm.
.
Basal Diet:

The basal diet was adequate in all respects except ascorbic acid, and consisted
of food commonly consumed by middle class Chinese.” The diet was calculated to
provide 2,600-2,800 calories, 83 Gm. of protein, 0.72 Gn. of Ca, 1.04 Gm, of P, and 30
mg. of e per person per day. No tea was allowed during the experiment. The foods
were prepared under striet supervision in the experimental ltchen of the Home
Economics Department and special care was taken to cook all food thoroughly in
order to insure the maximum destruction of ascorbic acid. The subjects showed good
appetites and either maintained their body weights or showed slight gains in weight
during the course of the experiment. Table I1 shows the character of the basal diet.
The amount of ascorbic acid supplied by this diet, as determined by chemical analysis
at weckly intervals, averaged 5.0 mg. per day.

Collection of Urine aid Methods of Analysis:

Complete 24-hour urinary specimens were collected in glass bottles which con-
tained 50 ml. of 2% metaphosphoric acid in 5N H:S0.. The experiment was performed
during February, March and Apriljof 1946 at Chengtu at which time the temperature
fluctvated between 12 and 14°C. Repeated tests on the loss of ascorbie acid in the urine
preserved under these conditions showed an average loss of 8¢, g fipure similar to
that of Todhunter and Robbins (6) who reported a loss of 5 in 24 hours. When
known amounts of ascorbic acid were added to the urine, 103 to 1059 was recovered.

The ascorbic acid content' of the food and urine was determined by titration
with 2, G-dichlorophenolindolepheno}. The food samples were triturated with a solu-

* Present address: JFood and Agriculture Organization of the United Nations,
Washington, D.C., U.S.A,

Received for publication Seplember 18, 1947 .
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TapLs 1I. AVERAGE Foop CONSUMPTION PER CAPITA PER DAY ON AN ASCORBIC ACID
DERICIENT DIET

(figures in grams)

Breakfast Lunch Supper
Food Amount Food Amount Food - Amount
Steamed Bread 75 Rice* 100 Rice* 100
Mustard Root S0
Soft Rice* 60 Pork 60
Starch Noodles 15
Wheat Bran 20 Dried Fungus 5 Mustard Root 100
Dried Yellow Lily 5
Egys 50 Carrots 70 Carrots 30
Roasted Peanuts 20 Bean Curd (dried) 70 Chinese Lettuce 30
Salted Turnip 30 Salted Turnip 30 0il i 60
Chinese Lettuce Root 100
Sugar . 10
Pork 60 '

* Reckoned on a dry basis

tion consisting of equal volumes of 3% metaphosphoric acid and 3% trichloracetic
acid and fine, acid-washed sand. The mixture was centrifuged and aliquots of the
clear supernatant liquid were titrated with the dye solution. The dye solution was
standardized with freshly prepared crystalline ascorbic acid solution each time just
before using. Analyses were repeated until triplicate checked readings were obtain-
ed. In many cases, the determinations were carried out by two separate individuals.

Plan of Experiment:

. The general plan of the experiment followed that of Belser, Hauck and Storvick
(8) with slight modifications. The subjects were first saturated with ascorbic acid
by adding to the regular dormitory diet for 3 to & days either 4 to 6 oranges ‘or 200
mg. of ascorbic acid daily. At the end of this saturation period, the subjects were
placed on the basal diet and given orally a test dose of 500 mg. of ascorbic acid, The
response was measured in terms of the urinary excretion of ascorbic acid in
the following 24 hours. Three such saturation periods were included in the experi-
ment. The first saturation period was placed at the beginning of the experiment at
which time the subjects were taking 4 to 6 oranges a day for 3 days and 200 mg. of
ascorbic acid for two more days. The second saturation period followed when the
whole study was about one third complete. The third saturation period took place at
the end of the study. Subject C. T. Y. started on the experiment two days later than
the others; therefore only two saturation periods were arranged for this subject.
The lowest ascorbic acid excretion after administering the test dose was taken to
indicate the saturation level for each subject. Thus each subject showed a different
saturation standard, .

After saturation was attained, crystalline ascorbic acid was administered orally
at gradually increasing levels. For each period the subjects were placed on the given
Jevel of intake for 6 days and on the Tth day, 500 mg. of test dose was given orally
at 1 P.M. and the urinary excretion of ascorbic acid for the next 24 heours was deter-
mined. When the test dose response (ascorbic acid excretion) for any subject on a
given intake of ascorbic acid equaled or just exceeded his own saturation standard,
the ascorbic acid intake for that period was considered the amount needed to produce
saturation in that subject.

RESULTS

The results of the experiment are summarized in Table 111.

A total of 7 experimental periods in addition to the 3 saturation
periods were included in this study. The level of intake was increased
from 15 mg. per day until it reached 115 mg. The experiment lasted
for 60 days during which time the diets of all the subjects were under
rigid control.
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TaBLk 111, 24 Hour URINARY EXCRETION OF ASCORBIC Acip IN RespoNsE To 500-MG.
TeST DOSE AT DIFFERENT LEVELS OF ASCORBIO ACTD INTAKE

(figures in milligrams) '

Ascorbic | Ne. of Days Subjects
Periods Acid on
Intake* Experiment Y.P.F. S5.5.C. w.Cc.C. CTY.

Saturation ,
Periods 1 ok 5 411 400 385 —
: 13 205 3 352 299 304 338
11 205 3 142 327 415 396

Experimental

Periods 1 15 6 171 177 206 230
- 30 6 215 261 103 . 316
. 11T 45 6 258 246 260 257
v 60 6 246 245 269 307
v 75 6 2717 306 Joy 267
VI 90 6 303 298 — 336
Vil ‘115 6 13 346 — 396

* including 5.0 mg. of ascorbic acid in basal diet.

** For the first T days, the subjects consumed 4 to 6 oranges daily, then following
this 200 mg, ascorbic daily for 2 days. Subject CTY took 6 oranges per day
for 3 days only.

The saturdtion standard for each subject as determined by the
aforementioned technique were as follows: Y.P.F., 342. mg.; S.8.C,, 299
mg.; W.C.C.,, 804 mg.; and C.T.Y., 338 mg. Individual variations
observed were similar to those reported by other workers (3,6).

. When the levels of ascorbic acid intake were gradually increased,
subjects Y.P.F. and S.5.C. showed a regular step-wise increase in
urinary excretion in response to the 500-mg. test dose. The response
of the other two subjects was less regular. The sudden drop of W.C.C.

" at the 30-mg. level might have been related to mental strain when the

subject was engaged in intensive research work.

From Table IIT, it may be noted that the minimum amount of
ascorbic acid intake per day necessary to saturate Y.P.F. was 115 mg.;
C.T.Y., 90 mg.; S.8.C. and W.C.C. 75 mg. The average saturation
value for the 4 subjects was therefore 89 mg. Calculated on a body
weight basis, the saturation values for the different subjects were:
Y.P.F., 2.17 mg.; C.T.Y. 1.80 mg.;S.8.C., 1.17 mg. and W.C.C,, 1.34
mg. with an average of 1.62 mg. per Kg. .

DISCUSSION

The level of ascorbic acid intake necessary for tissue saturation in
human subjects as reported in the literature varies considerably
according to the technique used. Van Eekelen (4) considered that a
state of saturation exists when the daily urinary excretion of ascorbic
acid shows a distinct rise above the basal level. He reported that the
requirement of ascorbic acid for a 70-Kg. person is 60 mg. Harris (5)
regarded a subject ag saturated when, after a series of daily test doses
of 700 mg. of ascorbic acid per 10 stone (or 140 1b.) body weight, the
214 -hour uninary sample, collected 314 hours after the oral adminis-
tration of the test dose, shows a definite increase above the basal level.
His results show that a state of saturation may be obtained with an
intake of 25 to 50 mg. per day. American workers report higher

O«ou ¢
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figures. Belser, Hauck and Storvick (3) found that the requirement of
ascorbic acid for tissue saturation was 75 to 110 mg. per person per day,
or 1.0 to 1.6 mg. per Kg. Todhunter and Robbins (6) noted the amount
of ascorbic acid required to saturate 3 normal women as 80 to 110 mg.
per person per day, or 1.6 to 1.7 mg. per Kg. Fincke and Lanquist
(?) reported a slightly higher value, 111 to 131 mg. per person per day,
or 1.6 to 1.7 mg. per Kg. These figures are in general agreement with
the results of the present study. It would appear that racial traits and
dietary habits do not affect the ascorbic acid requirement.

SUMMARY

The average ascorbic acid requirement for tissue saturation in four
normal Chinese college students is 89 mg. per person per day, or 1.62
mg. per Kg. body weight. These values correspond to the figures
reported by American workers. :

Acknowledgment: The authors wish to express their gratitude to Prof. C. Tsai
of National Central University, to Prof. J. C. Thomson of the University of Nanking
and to Prof, C, Y. Lin of West China Union University for providing the chemieals
necessary for this experiment.
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Titrimetric determination of ascerbic acid with cerium(IV) sulphate
Sullman' appears to have been the first to use cerium(IV) sulphate for the
determination of ascorbic acid. Treating an aliquot with an excess of cerium(IV)
sulphate_solution and back-titrating after about 30 min with standard iron(IJ)
solution, he reported that one mole of ascorbic acid consumed anamount of cerium(IV)
equivalent to three oxygen atoms; the products were believed to be 1-threonic acid
and carbon dioxide. Repeating the work of Sullman, Gopala Rao and Narayana Rao
{unpublished work, 1957) found that the oxidation of ascorbic acid by excess of
cerium(IV) does not correspond to any definite oxidation stage but is largely in-
fluedced by the time of contact of reactants, their relative ratio, the acidity of the
medium and the temperature. Rao and Somidevamma (unpublished work, 1953)
attempted the direct titration of ascorbic acid with cerium(IV) sulphate in dilute
sulphuric acid medium using redox indicators. With diphenylbenzidine indicator,
the error was observed to be +0.6-+1.0%. With ferroin, N-phenylanthranilic acid
and the fluorescent indicator, rhodamine 6G, the consumption of cerium(IV) was
2-3% more than that corresponding to the oxidation of ascorbic acid to dehydro-
ascorbic acid. Evidently the excess consumption of cerium(IV) is due to the further
oxidation of déhydroascorbic acid. T
It has now been observed that ferriin, the oxidised product of ferroin, is

. reduced by both ascorbic acid and dehydroascorbic acid in 0.1-0.5 M sulphuric acid.

The speed of reduction of ferriin by dchydroascorbic acid decreases as the acid
toncentration is increascd, but the speed of reduction of ferriin by ascorbic'acid is not
affected by increased acidity even upto 1.5 M. The addition of 1 m! of syrupy ortho-
phosphoric acid in a volume of 50 ml inhibits the reduction of fersiin by dehydro-
ascorbic acid in a medium containing 0.75-1.25 M sulphuric acid but not that of
ferriin by ascorbic acid. This concentration of phosphoric acid does not affect the
speed of oxidation of ferroin by cerium(IV). These observations indicate that a direct
titration of ascorbic acid with cerium(IV) sulphate can be made in 0.75-1.25 M
su'phuric acid medium, without interference from dehydroascorbic acid, if ferroin is
u: :d as indicator and phosphoric acid is added. Phosphoric acid may also retard the
d “ect Teaction between ascorbic acid and cerium(1V) because of complexation with
~ latter. Suitable conditions for the accurate determination of ascorbic acid with
¢ “jum(IV) on this basis are described below. Ascorbic acid is O‘(ldlZCd stmchlomem-
v 'ly to the dehydr(chorbxc acid stdg,e : : o
L perimental - : :
Preparation of solutions. A 0.1 M solutlon of cerium(IV)in 0.5 M sulphuric acid
m dium was prepared from certum(H1) oxalate by the classical method of Willard
‘and Young and standardised against “AnalaR” sodium oxalate.
' An aqueous 0.05 M solution of ascorbic acid (B.P. grade, Hoffinann- La Roche)
Was standardised dally agamst pomssmm mdatc {p.a., E. Mcrck) as descnbcd by
Bal} cnlmc
+ i The orthophosphoric acid used was guaranteed reagent (L Merck) and all
-m}m chemlcals were of analytical-reagent quahty All solutions were madc with
« .
. Anal. Chim. Acta, 56(1971) 125—328'
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'deionized water. ’ o R S ‘
s Recommended procedure. Treat 5-20 ml of 0.05 M ascorbic acid with enough
.2 M sulphuric acid to give a final acidity of 0.75-1.25 M on dilution to 50 ml. If the
-acidity falls below 0.5 M during the titration, cerium(IV) phosphate may precipitate,
‘Add 1 m! of syrupy orthophosphoric acid and 1 drop of 0.01 M ferroin sulphate
*solution, Titrate with 0.1 M cerium(IV) sulphate solution, at normal speed with
‘constant stirring; if any cerium(IV) phosphate precipitates, it dissolves on stirring.
Near the equivalence point, add the titrant in fractions of a drop, with the aid of a thiu
plassrod. 7 . = o C . L
*. .. Theindicator correction is negligible for 0.05-0.1 M cerium(IV) solutions. The
colour transition at the end-point is red to pale blue. - o -
.. - Under the above conditions, barium diphenylamine sulphonate and N-phenyl
‘anthranilic acid can also be used satisfactorily as redox indicators, the colour tran
"sitions being from colourless to violet or red-violet. Rhodamine 6G can also be useg
‘successfully ; the addition of 0.1 ml of 0.035 % Rhodamine 6G solution imparts in day:
Jight a greenish fluorescence, which is sharply quenched by a slight excess of cerium-

av).

+

‘Results and discussion ' e . A
‘ Representative results from a large number of titrations are presented in
Table I A L 4

TABLE I

 TITRIMETRIC DETERMINATION OF ASCORBIC ACID WITH CERIUM(IV) SULPHATE

Indicator Amount of ascorbic  Indicator

 Amount of ast'orbic'
P . acid (mg) ' acid (mg)
5 Taken Found ‘ o Taken Found
Ferroin 17.33 1728  N-Phenylanthraniic 1511 15.11
' ' 37.09 37.13 acid ' ~2088 . 29.83
5200 51.95 : 'r : 59.75 59.85
. 66.73 66.82 S 72.16 7206
Barium diphcnylamine 12,67 12.67 Rhodanine 6G ) 24.66 24.66
sulphonatc 3100 3106 .. o . 39.63 -39.72:
62.36 62.36 . 57.12 57.19
84.14 83.79 ‘ 7206 . N

-
. B
1

. Interferences. No interfercnces were found from 10-fold amounts of citric acid,
tartaric acid, glucose, fructose or sucrose. Oxalic acid caused an excess consumption
of 0.9%-2.5% of cerium(IV), when the amount of oxalic acid added varied from 0.5
to 5 times that of the ascorbic acid taken. :

Titration of 0.01-0.005 M solutions of ascorbic acid. In the titration of such
dilute solutions with ferroin as indicator, low results were obtained. This was traced
10 loss of ascorbic acid by autooxidation catalysed by cerium(I1I). Titrations made in
a carbon dioxide atmosphere gave good results. ‘

Anal. Chim. Acta, 56 (1971) 325-328
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. - Titrations in phosphoric acid mesium. It is unnecessary to maintain an inert
atmosphere even for these dilute solutions of ascorbic acid, if the titration is done in
12-13 M phosphoric acid medium with ferroin as indicator. The Ce(IV)/Ce(I1I)
potential in such a medium is reported to be 1.22 V3, the value in 1-2 N sulphuric acid
being 1.44 V. It was also found that the formal potentials of the dehydroascorbic acid/
ascorbic acid system increase as the phosphoric acid concentration increases; this
increased potential affords protection to the ascorbic acid against atmospheric
oxidation. Moreover, phosphoric acid complexes any heavy metal ions present, thus
preventing their catalytic action on the oxidation of ascorbic acid. The results obtained
for small amounts of ascorbic acid by titration in | M sulphuric acid medium under an
inert atmosphere, and in 12-13 M phosphoric acid medium without an inert atmos-
phere, agreed between themselves and with the theoretical value within +0.1%.

A further advantage with phosphoric acid as the titration medium is that oxalic
acid does not interfere as it does in sulphuric acid medium. The relative error in the
determination of ascorbic acid by potentiometric titration with cerium(1V) sulphate
in 12-13 M phosphoric acid medium is within 4:0.1 %, In this connection, it is inter-
esting to note that the potentiometric titration of ascorbic acid with dichlorophenol-
indophenol has been reported as unsatisfactory by Kirk and Tressler®, and that with

iodine as inaccurate by Stevens?. ) S g

: S . St .
. ¢ o
TABLE 11 , ‘ :
|’0RMAL_POTENTIALS IN PHHOSPHORIC ACID MEDIA . ) ; . v '
— LTy
Concentration of Formal redox potential ’ ) o ) &
phosphoric acid V) St S,
M), c CE . et
10 . 0445 |
20 : 0.464 ) o . T
40 0.506 - -
6o 0.568 ST e
gn 0.609
1ot 0.650

12¢ . 0.686

.
! . . ) Al

o | .

Phosphoric acid affords a third advantage as a titration medium. | roma large.
n'nber of experiments, it was observed that potentiometric twration of even high
o centrations of ascorbic acid with cerium(1V) sulphate in 0.75- 1.0 M sulphuric acid
medium (even with the addition of 1.0 ml of syrupy phosphoric acid per 50 ml) gave:
Tesults about 109 lower than the theoretical. Accurate titres were sccured by carrying
out the potentiometric titration in 12--13 M phosphoric acid, with a bright platinum
wire g5 indicator electrode and a saturated calomel reference elcctrode; initially the

-botentials were measured immediately after the addition of the cerium(TV) reagent, -

and at 2-min intervals near the equivalence points. The potential break at the equiva-

lence point is about 170-180 mV per 0.04 mi of the reagent. The cerium(1V) reagent is -

taken at double the concentration of the ascorbic acid so that the phosphorm acid

. foncentration in the titration medium is not unduly lowcrcd

‘ . Lo " Anal. Chinh, Acm 56(1971)3"5—328
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! varying pbosphoric acid concentrations are presented in Table 1L

- Waltair ( India) ' N

t

* Formal redox potentials of the dchydroascorbxc amd/ascorblc acid system gy

.
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